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STUDIES  UPON  A  TRANSPLANTABLE  RAT  TUiMOR. 

Originally  Regarded  as  a  Sarcoma;  Probably  a  Teratoma 
FROM  Which  an  Adeno-carcinoma  Developed. 

By  SIMON  FLEXNER,  M.D.,  and  J.  W.  JOBLING,  M.D. 

(From  the  Laboratories  of  the  Rockefeller  Institute  for  Medical  Research, 

New  York.) 

Plates  I-XVI. 

By  far  the  greater  number  of  studies  of  transplantable  tumors 
have  been  made  upon  mice,  in  which  species  tumors  not  infrequently 
arise  spontaneously.  These  tumors  consist  for  the  most  part  of 
the  epithelial  neoplasms  which  take  their  origin  from  the  mammary 
glands,  as  was  originally  pointed  out  by  Livingood,  and  present  the 
histological  appeaiances  of  adenoma  and  adeno-carcinoma,  the 
dividing  line  between  the  two  being  indefinite.  Other  types  of 
tumors  have  been  found  very  rarely  in  mice.  Livingood  described 
a  sebaceous  adenoma ;  Ehrlich,  a  chondroma ;  Haaland  and  Tyzzer, 
lympho-sarcomata ;  Bashford,  Murray  and  Haaland,  epidermal 
cancer;  and,  more  recently,  Jobling  has  met  with  an  instance  of 
what  appeared  to  be  Hodgkins's  disease,  and  two  examples  of 
papillary  cystoma  of  the  ovary.  In  several  instances,  namely,  in 
the  cases  reported  by  Ehrlich  and  Apolant,  Leo  Loeb,  Bashford  and 
Liepman,  adenomata  have  been  described  which  through  hyper- 
trophy of  the  stroma  and  elimination  of  the  epithelial  elements  have 
changed  slowly  or  more  quickly  into  spindle-cell  sarcomata.  Once 
the  sarcomatous  condition  has  become  established,  it  has  persisted 
through  many  transplantation  generations. 

The  transplantable  mouse  tumors  have  been  studied  with  great 
profit,  and  the  high  degree  of  success  which  has  attended  these 
studies  and  the  considerable  advance  made  in  uncovering  the  biolog- 
ical conditions  underlying  tumor  growth  have  resulted  in  large  part 
from  the  happy  circumstance  that  a  fair  percentage  of  spontaneous 
tumors  of  mice  are  transplantable  into  individuals  of  the  same  race 
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or  species,  and  also  from  the  facts  of  the  small  size,  rapid  matura- 
tion and  brief  life  history  of  the  mouse,  which  favor  the  making  of 
observations  on  a  large  and  sufficient  scale  to  yield  data  of  scientific 
value. 

The  number  of  tumors  of  rats,  which  have  been  studied  in  a 
manner  similar  to  the  tumors  of  mice,  is  small,  in  spite  of  the  fact 
that  rat  tumors  had  been  transplanted  successfully  before  mouse 
tumors.  Moreover,  the  variety  of  rat  tumors  thus  far  transplanted 
exceeds  the  variety  of  transplantable  mouse  tumors,  for  while  nearly 
all  the  mouse  tumors  thus  far  described  have  been  epithelial  neo- 
plasms derived  from  the  mammary  gland  of  the  female  mouse,  far 
more  sarcomata  have  been  encountered  in  rats  than  epithelial  tumors, 
and  both  have  sprung  from  diverse  parts  of  the  body. 

In  1889  Hanau  transferred  successfully  an  epidermal  cancer  of 
the  rat  through  two  generations.  The  only  previously  successful 
experiments  had  been  made  by  Novinski  and  by  Wehr.  In  1876 
Xovinski  implanted  a  cancer  of  the  nose  of  a  dog  into  two  others, 
in  one  of  which  a  lymphatic  gland  metastasis  appeared;  and  in  1889 
Wehr  inoculated  successfully  the  so-called  carcinoma  of  the  penis 
of  the  dog.  As  w^e  now  know,  the  latter  tumor  is  not  a  cancer,  but 
probably  a  round  cell  sarcoma. 

The  instances  in  which  adenomatous  tumors  of  the  mammary 
gland  of  the  rat  of  a  transplantable  nature  have  been  recorded  are 
very  few,  the  chief  one  consisting  of  the  instance  reported  by 
Michaelis  and  Lewin.  It  is  notew^orthy  that  this  tumor  lost,  after 
a  small  number  of  passages,  its  adenomatous  and  took  on  a  sarco- 
matous character.  We  wish  to  add  another  word  to  the  subject 
of  the  discrepancy  in  the  histological  structure  and  place  of  origin 
of  mouse  and  rat  tumors.  The  records  of  the  spontaneous  tumors 
of  animals  are  very  imperfect  and  take  account  of  little  more  than 
the  transplantable  examples.  We  know  from  our  ow^n  experience 
that  simple  adenomatous  and  fibromatous  tumors  arise  not  so  very 
infrequently  from  the  mammary  gland  of  the  female  rat,  although 
they  have  not  up  to  the  present  time  been  transplanted  successfully. 
We  have  records  of  three  such  examples  of  benign  fibro-adenomatous 
neoplasms,  as  well  as  of  a  lipoma  of  the  subcutaneous  tissues. 

We  have  brought  together  in  brief  form  the  recorded  instances 
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of  transplantable  rat  tnniors.  As  stated,  the  first  report  was  by 
Hanan  (1889),  who  observed  three  instances  of  epithelial  cancer 
among-  some  white  rats  raised  in  the  laboratory.  The  cancer  affected 
the  skin  of  the  external  genitals.  The  transplanted  tumor  arose  in 
the  region  of  the  vulva,  and  produced  inguinal  and  axillary  gland 
metastases.  Portions  of  the  latter  were  used  for  transplantation, 
and  the  secondary  nodules  showed  the  histological  structure  of  the 
original  tumor.  In  one  animal  in  which  the  inoculation  w^as  into 
the  scrotum,  there  were  multiple  peritoneal  nodules,  and  masses 
within  the  diaphragm,  and  one  mass  in  the  posterior  mediastinum. 

In  1890  von  Eiselsberg  reported  an  instance  of  a  spindle-cell  sar- 
coma of  a  mixed  gray  and  white  rat,  which  arose  in  the  periosteum 
of  the  scapula.  It  was  transplanted  successfully  into  the  peritoneal 
cavity  of  another  rat. 

In  1892  Firket  reported  an  example  of  spindle-cell  sarcoma  of 
the  peritoneal  cavity  of  a  white  rat.  A  series  of  successful  trans- 
plantations w^as  made,  and  the  original  histological  structure  of  the 
tumor  was  always  reproduced.  An  effort  was  made  to  implant  the 
tumor  upon  guinea-pigs,  but  unsuccessfully. 

In  1898  \''elich  transplanted  a  sub-periosteal  spindle-cell  sarcoma 
of  the  thigh  of  the  white  rat  through  several  generations.  One 
series  of  rats  was  inoculated  into  suppurating  sinuses  without  result. 
Another  was  inoculated  with  blood  from  the  field  of  incision  of  the 
tumor,  also  w'ithout  result.  In  one  rat  the  grafted  tumor  pene- 
trated into  the  depth  of  the  tissues,  compressed  the  spinal  cord,  and 
produced  motor  paralysis.  Two  guinea-pigs  were  inoculated  with- 
out result.  Rats  inoculated  with  fluid  derived  from  the  tumor,  but 
free  from  visible  particles,  yielded  no  tumors.  Suspension  of  tumor 
particles  in  salt  solution  before  injection  into  the  peritoneal  cavity 
did  not  prevent  tumor  formation.  From  the  intra-peritoneal  masses 
subcutaneous  tumors  were  developed  in  other  rats.  A  second  graft 
was  successfully  implanted  in  a  rat  in  which  a  growing  tumor 
already  existed.  Pieces  of  tumor  kept  sterile  and  outside  the  body 
for  twenty-four  hours  and  for  three  days  before  inoculation  pro- 
duced tumors,  but  after  four  days  none  developed.  A  progressive 
decrease  in  the  energy  of  tumor  growth  from  the  first  to  the  ninth 
generation  was   observed,   and   no    further   transplantations   w^ere 
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obtained  after  the  ninth  generation.  An  instance  of  spontaneous 
inoculation  of  the  jaw  of  a  rat  was  observed  in  an  animal  which 
gnawed  the  tumor  of  a  rat  kept  in  the  same  cage.  By  wounding  a 
rat  at  the  back  of  one  of  the  canine  teeth  and  allowing  it  to  gnaw 
a  tumor,  a  nodule  was  made  to  develop  in  the  wound,  and  since 
the  tumor  gnawed  was  situated  in  the  subcutaneous  tissue  of  the 
same  rat,  the  result  is  an  illustration  of  the  development  of  a  second 
tumor  in  an  animal  possessing  a  growing  tumor. 

Leo  Loeb  in  1901  transplanted  through  many  generations  a  cystic 
sarcoma  of  the  thyroid  gland  of  the  white  rat,  which  was  inoculable 
under  the  skin  and  in  the  abdominal  cavity  and  by  means  of  the 
cystic  fluid  derived  from  the  tumors.  The  fat  of  the  implanted 
fragments  was  studied.  Of  the  grafts  many  of  the  cells  degen- 
erated, but  a  number  retained  a  normal  appearance  and  mitoses 
were  observed  in  the  periphery  as  early  as  fifteen  or  twenty  days 
after  implantation.  Of  these  some  probably  belonged  to  the  tumor 
cells.  In  from  five  to  eight  days  a  capsule  of  connective  tissue  had 
surrounded  the  graft.  The  center  of  the  graft  at  this  time  showed 
shrunken  cells  with  pyknotic  nuclei  and  blood  vessels  with  desqua- 
mated epithelium,  but  not  all  the  cells  were  necrotic.  Mitoses  were 
visible  as  late  as  the  twelfth  to  the  fifteenth  day,  at  about  which  time 
the  tumor  cells  invaded  the  capsule.  In  order  to  ascertain  the 
demarcation  between  host  and  tumor  cells  the  grafts  were  enclosed 
in  gauze  sacs,  and  in  spite  of  suppuration  about  many  of  the  sacs, 
a  part  of  the  grafts  developed,  but  the  result  was  not  definitive.  It 
was  noted  that  when  the  graft  became  infected  its  growth  was 
retarded.  After  arrest  of  growth,  excision  of  a  part  sometimes  led 
to  renewal  of  development,  and  replantation  of  the  excised  part  to 
another  part  of  the  body  was  sometimes  followed  by  growth  of  the 
new  graft.  In  some  cases  in  which  the  excision  failed  to  awaken 
growth  in  the  original  tumor  the  graft  derived  from  it,  implanted 
in  another  animal,  yielded  a  tumor.  Local  metastases  were  pro- 
duced, but  systemic  metastases  did  not  develop  even  when  the  tumor 
invaded  a  blood  vessel.  The  examples  of  contact  inoculation  were 
most  pronounced  from  intra-peritoneal  implantations,  and  the  sepa- 
rate nodules  even  penetrated  the  diaphragm  and  projected  into  the 
pleural  cavity.     The  histology  remained  fixed  during  fifteen  months 
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of  transplantation.  Attempts  to  implant  the  tumor  into  giiinea- 
pii^s,  hens  and  mice  failed.  In  f^^uinea-pii^s,  at  first  mitotic  division 
of  the  tumor  cells  occurred,  but  the  grafts  did  not  increase  in  size 
and  the  emigration  of  leucocytes  was  more  abundant  than  about  the 
grafts  in  rats.  The  opinion  is  expressed  that  in  the  production  of 
tumors  by  grafting  the  new  tumor  is  derived  from  the  cells  of  the 
graft  and  not  from  the  cells  of  the  host;  and  Loeb,  therefore,  views 
these  tumor  cells  as  resembling  germ  cells  in  their  capacity  for 
unliniited  reproduction. 

In  1902  Loeb  described  several  more  rat  tumors.  One  was  an 
adeno-carcinoma  originating  apparently  in  the  pancreas  and  not 
transplantable.  Another  depended  from  the  neck,  originated  in  the 
thyroid  gland  and  was  divided  unecjually  by  a  fibrous  band  into 
halves,  one  of  which  was  an  adeno-carcinoma  and  the  other  a  cystic 
sarcoma.  A  single  sarcomatous  metastasis  existed  in  the  lung. 
The  sarcoma  was  transplantable.  A  third  rat  showed  an  adenoma 
of  the  mammary  gland.  It  was  excised  and  fragments  were  im- 
planted beneath  the  skin  of  the  same  animal  and  of  other  rats.  A 
month  later  the  fragment  implanted  in  the  original  rat  had  increased 
to  eight  times  its  former  size,  when  the  animal  gave  birth  to  young, 
after  which  in  a  remarkably  short  time  the  transplanted  tumor 
shrank  in  size.  No  growth  took  place  in  the  other  rats  inoculated. 
A  fourth  tumor  was  a  cystic  sarcoma  of  the  thyroid  gland,  which 
had  produced  local  and  inguinal  lymphatic  gland  metastases.  Por- 
tions of  this  tumor  kept  on  ice  for  five  days  grew  on  transplantation, 
w^hile  other  portions  kept  in  the  thermostat  or  at  variable  room  tem- 
perature failed  to  grow.  Loeb  concluded,  erroneously,  as  we  now 
know,  from  these  experiments,  that  two  agencies  are  required  to 
cause  growth  of  the  grafts — the  tumor  cells  and  a  tumor-producing 
factor.  The  latter  he  believed  did  not  lose  power  on  exposure  to 
temperatures  of  2°  to  4°  C,  while  he  believed  it  less  certain  that 
the  sarcoma  cells  remain  alive  at  those  temperatures.  He  found 
that  injections  of  tumor  pulp  suspended  in  salt  solution  and  of 
filtrates  through  paper,  asbestos  and  unglazed  porcelain  gave  nega- 
tive results.  The  tumor-producing  factor  was  conceived  to  be  ren- 
dered inactive  by  salt  solution.  Loeb  considered  that  two  factors 
were  concerned  in  immunity  to  tumor  grafts,  one  being  a  state  of 
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resistance  to  the  transplanted  tumor  cells  and  the  other  to  the  tumor- 
producing  agency. 

In  1903  Loeb  described  in  a  paper  dealing  with  the  endemic  occur- 
rence of  tumors  in  animals  still  another  example  of  cystic  sarcoma 
of  the  thyroid  gland  of  the  rat. 

Gaylord  and  Clowes  in  1907  described  three  rats  which  developed 
tumors  while  being  kept  in  cages  previously  employed  by  Loeb  in 
his  experiments  with  a  transplantable  sarcoma  of  the  thyroid  gland. 
In  1904  a  rat  was  discovered  showing  a  fibro-sarcoma  of  the  abdom- 
inal wall  and  axillary  region,  and  in  1905  two  rats  were  found 
showing  respectively  fibro-sarcoma  of  the  abdominal  wall  and 
spindle-cell  sarcoma  of  the  thyroid  gland.  The  last  tumor  was 
transplantable. 

In  1907  Jensen  reported  an  instance  of  transplantable  spindle-cell 
sarcoma  of  two  gray-brown  rats  which  had  previously — and  before 
the  tumors  developed — been  inoculated  with  an  acid-fast  bacillus 
derived  from  a  pseudotuberculous  disease  of  cattle.  Rat  i  showed 
nodules  of  varying  size  in  the  peritoneal  cavity,  and  small  nodules 
in  the  liver  and  lungs.  The  growth  was  infiltrative.  Rat  2  showed 
small  nodules  in  the  lungs  and  none  elsewhere.  From  Rat  i  inocu- 
lations w^ere  made  into  wild  rats  and  rats  obtained  from  Berlin,  but 
without  results,  and  into  several  brown  and  white  rats  of  the  labo- 
ratory stock,  some  of  which  developed  the  tumor.  Later  certain 
Berlin  and  London  rats  were  inoculated  with  occasional  success. 
Gray  rats,  however,  were  found  refractory.  The  tumor  from  Rat 
2  could  also  be  transplanted  to  the  laboratory  stock,  but  not  to  the 
rats  of  foreign  origin.^ 

In  1907  Michaelis  and  Lewin  published  their  studies  of  a  trans- 
plantable carcinoma  of  the  rat  which  in  later  generations  became 
converted  into  a  spindle-cell  sarcoma.  The  original  tumor  devel- 
oped in  the  mammary  gland.  The  first  transplantations  yielded 
about  50  per  cent,  of  tumors  and  produced  lung  metastases.  Some 
of  the  tumors  underwent  complete  retrogression.  It  w^as  noted  that 
young  rats  were  more  subject  to  the  implantations  than  old  ones, 
and  that  the  white,  gray,  mixed  and  black  rats  were  all  susceptible 

^  Professor  Jensen  kindly  sent  us  living  rats  possessing  tumors,  which  we 
have    propagated    successfully    through    many    generations    in    American    rats. 
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by  subcutaneous  and  by  intra-periUjneal  inoculation.  Even  before 
the  conversion  of  tlie  tumor  into  sarcoma  it  had  l^een  noted  that  the 
microscopical  characters  of  the  growth  varied  considerably  and 
sometimes  presented  ai)pearances  of  pure  adenoma;  at  other  times, 
of  alveolar  and  solid  carcinoma ;  and  at  still  other  times,  on  account 
of  the  rich  development  of  the  stroma,  of  sarcoma.  Moreover, 
there  sometimes  developed  cystic  spaces  carrying  papillary  out- 
growths, and  the  individual  cells  varied  so  greatly  in  respect  to  size, 
quality  of  protoplasm  and  nature  of  nucleus  as  to  excite  wonder 
that  they  could  all  arise  from  a  single  tumor.  One  tumor  of  the 
tliird  generation  is  stated  to  have  exhibited  in  places  the  appearances 
of  typical  cancroid.  The  overgrowth  of  stroma  which  eventually 
gave  rise  to  a  sarcoma  began  in  the  fifth  generation  and  in  the 
seventh  generation  the  sarcoma  had  been  perfected.  By  choosing 
the  most  rapidly  growing  strains,  and  by  double  inoculations  at 
intervals  of  a  few^  days,  the  number  of  successful  implantations  was 
made  to  reach  loo  per  cent.  Rats  with  growing  tumors  could  be 
successfully  implanted  with  a  second  graft.  Rats  which  had  recov- 
ered spontaneously  from  growing  tumors  were  resistant  to  the 
several  types  of  this  tumor,  namely,  the  adenoma,  epithelioma  and 
sarcoma,  and  to  Jensen's  sarcoma.  The  percentage  of  spontaneous 
recoveries  was  about  ten.  The  blood  of  the  rat  gave  a  considerable 
degree  of  immunity  and  a  reciprocal  immunity  was  produced  between 
mice  and  rats  by  inoculating  with  the  rat  tumor,  on  the  one  hand, 
and  mouse  carcinoma,  on  the  other. ^ 

Apolant  in  1908  reported  very  briefly  upon  twenty- four  rat  tumors 
which  had  been  collected  by  Ehrlich's  laboratory.  They  consisted 
of  one  fibro-lipoma,  two  fibromata,  three  adeno-fibromata,  thirteen 
sarcomata,  and  five  tumors  which  were  designated  mixed  tumors 
of  the  ''  Flexner  type."^     He  speaks  also  of  two  forms  of  rat  sar- 

"  Dr.  Lewin  kindly  sent  us  specimens  of  living  rats  with  tumors  of  the  sar- 
comatous variety,  which  we  have  propagated  successfully  in  American  rats 
through  a  number  of  generations. 

^  It  is  perhaps  questionable,  in  view  of  the  transformations  through  which 
the  rat  tumor  we  are  describing  passed,  whether  Apolant  is  correct  in  speaking 
of  the  tumor  as  a  mixed  one,  and  in  giving  it  such  a  specific  cognomen.  If  it  is 
true  that  the  tumor  we  are  describing  represents  merely  a  type  of  mixed  tumor, 
which  is  not  uncommon  in  the  rat,  it  would  be  quite  significant,  we  think,  par- 
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comata  according  to  their  microscopical  structure.  One  of  these 
presented  the  characters  of  an  ordinary  spindle-cell  sarcoma,  whereas 
the  other  possessed  the  characters  of  a  round  cell  sarcoma  with 
lymph-adenoid  structure.  The  latter  tyi)e  was  not  homogeneous, 
but  showed  in  some  parts  a  cellular  structure  resembling  that  of  the 
lymphatic  glands,  in  which  there  was  a  reticulated  tissue  composed 
of  spindle  and  branching  cells,  in  the  meshes  of  which  lay  the  round 
cells,  and  in  other  parts  a  looser  tissue  composed  essentially  of  the 
reticulated  tissue.  Moreover,  in  still  other  places  the  structure 
approached  the  type  of  the  spindle-cell  sarcoma.  It  is  stated  that 
this  tumor  possessed  from  the  beginning  a  high  degree  of  energy 
of  proliferation,  and  yielded  a  high  percentage  of  successful  inocu- 
lations. In  the  course  of  the  implantations  of  this  tumor  it  exhib- 
ited more  arid  more  the  character  of  a  spindle-cell  sarcoma,  until 
finally  it  became  a  pure  tumor  of  this  type.  The  reverse  process 
was  observed  in  still  another  tumor,  which,  at  the  beginning,  pre- 
sented the  usual  characters  of  the  spindle-cell  sarcoma  of  rats,  and 
gradually  became  transformed  into  a  tumor  presenting  lymph- 
adenoid  structure. 

HISTORY    OF    THE    TUMOR. 

A  full  grown,  white,  male  rat  of  the  laboratory  stock  died  spon- 
taneously on  January  5,  1906.  The  autopsy  performed  soon  after 
death  revealed  a  tumor  the  size  of  a  walnut  attached  to  the  left 
seminal  vesicle  and  projecting  into  the  abdominal  cavity.  There 
were  no  adhesions  to  other  viscera.  The  tumor  was  approximately 
spherical  in  shape  and  was  covered  with  peritoneum.  The  surface 
was  roughened  by  irregular  granulations.  The  consistence  was 
firm  and  the  mass  cut  with  difficulty.  There  were  no  visible  metas- 
tases. The  cut  surface  of  the  tumor  was  not  uniform;  it  was  in 
general  dead  white  in  color,  but  certain  areas  were  more  opaque 
and  of  a  yellowish  tinge. 

ticularly  in  view  of  the  manner  in  which  the  highly  organized  type  of  tumor  has 
been  developed  in  our  example.  On  the  other  hand,  we  are  inclined  to  believe 
that  the  facts  to  be  presented  concerning  the  structure  of  our  tumor  with 
reference  to  the  original  moiety  of  adeno-carcinomatous  structure  will  suffice 
to  put  it  in  a  place  quite  by  itself. 
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A  small  piece  of  the  tumor  was  cautiously  removed,  cut  into  bits 
witli  sterile  scissors,  suspended  in  sterile  normal  salt  solution  and 
injected  through  a  needle  with  a  large  bore  into  the  abdominal 
cavity  and  beneath  the  skin  of  three  white  rats,  the  histories  of 
which  will  be  given  later. 

The  remainder  of  the  tumor  was  preserved  for  histological  exami- 
nation. In  the  course  of  the  studies  of  the  tumor  carried  out  during 
tlie  past  few  years  the  original  mass  has  been  subjected  to  repeated 
microscopical  examinations. 

In  our  first  publications^  regarding  this  tumor  we  described  it  as 
a  polymorphous  sarcoma.  As  the  following  description  will  show, 
the  original  tumor  cannot  really  be  brought  into  harmony  with  the 
morphology  of  any  of  the  established  types  of  sarcoma.  It  would 
appear  certain  now  that  the  original  tumor  should  not  have  been 
regarded  as  a  single  type.  In  the  course  of  transplantation  it  has 
passed  through  several  forms  of  structure  corresponding  with  sar- 
coma and  simple  and  adeno-carcinoma,  and  has  come  to  be  estab- 
lished in  the  last  form.  When  the  carcinomatous  forms  made  their 
appearance  the  changes  in  the  structure  of  the  tumor  were  so 
remarkable,  and  apparently  so  abrupt,  that  the  origin  of  the  new 
elements  from  the  previously  perceived  ones  in  the  original  tumor 
seemed  exceedingly  doubtful.  Hence  the  original  mass,  which  had 
been  preserved,  was  subjected  to  reexamination  by  sections  made 
from  all  parts  of  it.  The  result  was  the  discovery  of  certain  struc- 
tures of  an  epithelial  character  that  pointed  to  the  existence  of  an 
adenomatous  moiety  in  the  original  tumor.  These  epithelial  ele- 
ments consisted  in  part  of  glandular  structures  of  a  normal  type, 
and  in  part  of  such  atypical  formations  as  are  seen  in  adeno- 
carcinoma. Certain  of  these  glandular  bodies  of  normal  appear- 
ance seemed  indeed  to  be  participating  directly  in  the  production  of 

*  Flexner  and  Jobling,  Infiltrating  and  Metastasizing  Sarcoma  of  the  Rat, 
Jour,  of  the  American  Med.  Assoc.,  1907,  xlviii,  420;  Infiltrierendes  und  meta- 
stasenbildendes  Sarcom  der  Ratte,  Cent.  f.  dig.  Path.,  1907,  xviii,  p.  257; 
Remarks  on  and  Exhibition  of  Specimens  of  a  Metastasizing  Sarcoma  of  the 
Rat,  Proc.  of  the  Soc.  for  Expcr.  Biol,  and  Med.,  1906-07,  iv,  12;  On  Secondary 
Transplantation  of  a  Sarcoma  of  the  Rat,  ibid.,  44;  On  the  Promoting  Influence 
of  Heated  Tumor  Emulsions  on  Tumor  Growth,  ibid.,  156;  Restraint  and  Pro- 
motion of  Tumor  Growth,  idem,  1907-08,  v,  16;  Metaplasia  and  Metastasis  of  a 
Rat  Tumor,  ibid.,  52;  Further  Notes  on  a  Rat  Tumor,  ibid.,  90. 
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the  atypical  formations  indicative  of  carcinoma,  thus  indicating  pos- 
sibly the  origin  of  the  carcinomatous  elements  from  several  dis- 
tinct foci. 

It  now  appeared,  therefore,  as  if  the  original  growth  within  the 
seminal  vesicle  first  consisted  of  a  morphologically  simple  tumor 
made  up  of  one  kind  of  tissue,  that  by  invasion  of  the  inner  or 
epithelial  wall  of  the  vesicle  and  by  inclusion  of  certain  epithelial 
structures  became,  as  it  were,  infected  with  these  epithelial  cells, 
which  upon  removal  from  their  normal  relations  and  control  assumed 
malignant  properties.  According  to  this  view  the  epithelial  moiety 
was  inconspicuously  present  in  the  part  of  the  tumor  that  was  origi- 
nally transplanted,  and  it  gradually  divested  itself  in  the  course  of 
the  transplantation  of  the  prevailing  simple  tissue  until  it  became 
itself  dominant. 

It  may  be  questioned  whether  the  part  of  the  tumor  originally 
described  did  not  possess  a  greater  complexity  of  structure  than 
could  properly  be  attributed  to  a  so-called  polymorphous  sarcoma. 
Indeed,  it  was  pointed  out  originally  that  the  relation  of  cells  and 
connective  tissue  within  the  original  tumor  was  such  as  to  permit 
its  being  described  as  imperfectly  alveolar.  The  sections  exhibited 
a  connective  tissue  framework,  varying  in  density,  containing  spindle 
cells  and  supporting  other  cells  far  richer  in  protoplasm.  The 
latter  cells  occupied  spaces  of  variable  size  and  form,  so  that  some- 
times a  single  cell  and  sometimes  several  cells  were  thus  enclosed. 
This  relation  of  large  cells  to  stroma  was  particularly  well  shown 
in  sections  stained  by  Mallory's  aniline  blue  and  fuchsin  method. 

The  complexity  of  the  original  mass  does  not  end  here,  for  the 
inclusions  at  one  point  were  such  as  to  arouse  the  feeling  that  the 
tumor  was,  in  fact,  originally  a  teratoma  or  embryoma,  and  the  sub- 
sequent transformations,  first  into  a  tumor  resembling  polymor- 
phous sarcoma,  and  next  into  an  adeno-carcinoma,  represented 
changes  of  secondary  nature. 

HISTOLOGY    OF    THE    ORIGINAL    TUMOR. 

Under  the  low  power  of  the  microscope  the  sections  showed  con- 
siderable diversity.  Tissue  taken  from  the  free  part  of  the  mass, 
away  from  its  attachment  to  the  seminal  vesicle,  showed  irregular 
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bands  and  whorls  of  cells.  Two  principal  types  of  cells  were  distin- 
guishable :  (a)  polymorphous  cells  rich  in  protoplasm,  with  single 
vesicular  nuclei  or  with  multiple  or  large  polymorphous  nuclei ;  and 
(b)  elongated  and  spindle-shaped  cells  possessing  solid  nuclei  and 
closely  associated  with  the  connective  tissue  framework.  The  ar- 
rangement was  such  that  the  cells  rich  in  protoplasm  lay  within 
areas  composed  of  spindle  cells  and  connective  tissue  fibrils.  Blood 
vessels  were  fairly  numerous  and  polymorphonuclear  leucocytes 
richly  infiltrated  the  tissue.  Under  the  medium  power  of  the  micro- 
scope the  distinctions  in  the  two  types  of  cells  became  more  evident. 
The  large  polymorphous  cells  made  up  usually  by  far  the  larger  part 
of  the  tissue,  and  often  were  so  fused  together  as  to  suggest  syncitial 
formation.  In  addition,  there  \vere  present  a  number  of  multi- 
nucleated giant  cells  and  cells  with  lobed  gigantic  nuclei  distinct 
from  the  fused  small  cells.  Areas  existed  containing  a  preponder- 
ance of  the  spindle  cells,  but  they  never  occurred  strictly  indepen- 
dently of  the  larger  cells.  On  the  other  hand,  the  spindle  cells  and 
fibrillar  connective  tissue  tended  to  increase  and  diminish  together. 
The  collections  of  polynuclear  leucocytes  were  larger  in  the  degen- 
erated foci,  but  they  w^ere  not  limited  to  the  larger  areas  of  degen- 
eration. The  quantity  of  connective  tissue  in  the  tumor  w^as  likely 
to  be  underestimated  from  sections  stained  in  hematoxylin  and 
eosin  (Plate  I,  Fig.  i).  The  sections  stained  by  the  Mallory 
method  showed  the  interstitial  tissue  to  be  much  more  abundant  than 
was  suspected,  and  the  polymorphous  cells  to  be  surrounded  by  it. 

Sections  prepared  from  those  parts  of  the  original  mass  which 
were  attached  to  the  seminal  vesicle  exhibited  besides  what  has  been 
described  still  other  structures.  In  the  first  place,  portions  of  the 
w'all  and  epithelial  membrane  of  normal  appearance  w^ere  included. 
Moreover,  there  occurred  glandular  structures  wdiich  exhibited  evi- 
dences of  proliferation.  These  later  inclusions  w^ere  of  tubular 
nature,  although  the  lumen  of  the  tube  was  likely  to  be  filled  with 
projecting  outgrowths  of  the  walls.  These  formations  tended  to 
be  surrounded  by  structureless  proper  membranes,  but  sometimes 
the  latter  were  imperfect,  so  that  groups  of  epithelial  cells  passed 
from  the  tubule  into  the  adjacent  tissue.  Where  this  proliferation 
was  going  on  the  tubule  had  lost  its  regular  and  characteristic  struc- 
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ture,  and  there  developed  small  alveoli,  consisting  of  polymorphous 
cells  surrounded  by  spindle-cells  and  connective  tissue,  such  as  com- 
posed the  mass  of  the  tumor  (Plate  I,  Fig.  2).  In  another  part 
large  ttibules  lay  in  hyalin  connective  tissue,  which  separated  them 
from  the  usual  tumor  tissue,  so  that  the  formation  of  definite  alveoli 
enclosing  epithelial  cells  derived  from  the  tubule  was  readily  made 
out  (Plate  I,  Fig.  3). 

There  was  also  discovered  still  another  example  of  carcinomatous 
formation  of  striking  and  unmistakable  character,  which  originated 
closeto  the  epithelial  wall  of  the  vesicle.  Sections  throtigh  a  part  of 
the  original  growth,  at  a  point  showing  to  the  naked  eye  small  cavi- 
ties and  under  the  microscope  cystic  dilations  of  the  inner  glandular 
cavities  of  the  vesicle,  exhibited  also  irregular  spaces  lined  with 
cubical  epithelium  and  containing  lumena  in  which  there  were  des- 
quamated cells  and  polynuclear  leucocytes.  These  carcinomatous 
acini  partially  surrounded  the  cyst-like  spaces  which  were  included 
in  the  thickened  fibrous  wall  of  the  vesicle  supporting  the  tumor 
(Plate  II,  Fig.  4).  These  carcinomatous  acini  occurred  also 
among  the  tumor  cells  proper,  as  well  as  in  the  fibrous  stroma.  In 
certain  places  spindle  cells  and  fibrillated  connective  tissue  en- 
croached on  the  acini,  compressing  them  and  bringing  about  degen- 
eration of  the  cubical  cells,  and  the  acini  had  in  places  been  trans- 
formed into  solid  alveoli  and  thus  made  to  resemble  the  cell  groups 
shown  in  Fig.  i.  Sections  stained  by  Mallory's  method  showed  the 
'stroma  to  be  abundant  and  to  bear  that  relation  to  the  acini  and 
alveoli  that  is  seen  in  a  glandular  organ. 

We  come  now  to  a  structure  discovered  within  the  mass,  the 
explanation  of  which  is  impossible  excepting  on  the  basis  of  a  devel- 
opmental error.  This  structure  consisted  of  a  large  space  or  tube, 
the  walls  of  which  were  more  or  less  corrugated  and  branching  and 
covered  with  a  layer  several  cells  deep  of  high  epithelium.  Owing 
to  the  branching  nature  of  the  corrugations  a  certain  number  of 
elongated  glandular  tubular  cavities  appeared  in  the  sections  to  be 
contained  within  the  wall.  The  supporting  connective  tissue  was 
richly  infiltrated  with  small  round  cells.  Adjacent  to  the  large  tube 
there  lay  a  typical  compound  serous  or  mucous  gland,  and  outside 
that  structure  a  certain  amount  of  smooth  muscle  existed  (Plate 

n,  Fig.  5). 
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The  considerable  variety  of  epithelial  formations  present  in  the 
tumor  led  us  to  examine  microscopically  the  internal  and  external 
genital  organs,  and  the  seminal  vesicles  especially,  of  a  number  of 
\vhite  rats.  Although  there  was  some  lack  of  agreement  between 
the  glandular  structures  contained  in  the  tumor  and  those  occurring 
normally  in  the  vesicle,  yet  many  of  them  appeared  to  be  identical. 
A  closer  identification  was,  on  the  other  hand,  not  possible  with  any 
other  of  the  glandular  parts  of  the  internal  genital  organs.  We 
failed  entirely  to  identify  the  large  tube  with  its  associated  serous 
or  mucous  gland  with  any  structure  which  we  discovered  in  the  sec- 
tions of  the  normal  genital  organs.  It  must,  therefore,  be  con- 
cluded to  have  been  an  accidental  and  erroneous  embryonic  inclusion. 

The  foregoing  description  of  the  histological  characters  of  the 
tumor  indicates  that  it  was  not  a  simple  but  a  complex  formation, 
in  which  all  the  parts  were  not  equal.  This  inequality  was  shown 
first  in  the  body  of  the  tumor,  in  which  the  polymorphous  and 
spindle  cells  were  united  in  a  heterogeneous  fashion,  but  it  was 
shown  even  before  in  those  parts  in  which  the  carcinomatous  alveoli 
had  developed  (Plate  III,  Fig.  6).  This  absence  of  homogeneous- 
ness  has  an  especial  significance  as  regards  the  understanding  of  the 
interesting  series  of  transformations  through  which  the  tumor  passed 
in  the  course  of  transplantation  through  several  thousand  rats  in 
the  past  three  years. 

It  is  not  possible  to  establish  the  original  tumor  as  a  simple  out- 
growth from  the  seminal  vesicle,  as  it  was  at  first  believed  to  be. 
As  has  been  detailed,  the  more  searching  study  of  the  original  mass 
revealed  epithelial  structures  differing  materially  from  those  of  the 
seminal  vesicles.  The  Cjuestion,  therefore,  arises  whether  the  tumor 
should  not  be  regarded  as  a  teratoma.  If  it  is  to  be  so  regarded, 
then  it  follows  that  a  part  only  of  the  epithelial  structures  contained 
within  the  tumor  had  been  derived  from  the  seminal  vesicle,  the 
other  parts  and  perhaps  the  chief  part  of  the  epithelial  inclusions 
having  been  derived  from  structures  which  under  normal  conditions 
would  go  to  form  adjacent  epithelial  organs. 

It  is  also  impossible  to  establish  the  precise  origin  of  the  cancerous 
transformation  which  occurred  in  parts  of  the  tumor,  and  it  cannot 
be  stated  with  assurance  that  the  transformation  took  place  at  many 
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points,  rather  than  at  one  point.  The  obvious  interpretation  to  be 
put  upon  the  appearances  described  in  connection  with  those  sections 
from  which  Figs.  2,  3  and  4  have  been  prepared  is  to  the  effect  that 
they  represent  points  at  and  structures  w^ith  which  this  transforma- 
tion is  proceeding.  We  rather  tend  to  the  opinion  that  the  condition 
represented  in  Fig.  2  speaks  for  an  active  transformation  of  the 
glandular  tubules  into  carcinoma,  and  yet  the  appearances  are  not 
wholly  conclusive,  since  the  reverse  process,  namely,  that  of  can- 
cerous invasion  of  the  tubules  from  without,  can  not  be  excluded. 

TRANSPLANTATION    GENERATIONS. 

In  order  that  the  vagaries  of  the  tumor  may  be  followed,  and  its 
properties   established,   some   account   of  different   transplantation 
generations  will  be  given.     To  make  the  account  as  brief  as  possible, 
merely  characteristic  examples   will  be   chosen.     The   first  trans- 
plantation generation  turned  out  luckily,  since  owing  to  inexperi- 
ence  only   three   rats   were   inoculated.     Small   morsels   cut   with 
scissors  were  suspended  in  salt  solution  and  injected  into  the  peri- 
toneal cavity  and  beneath  the  skin  of  three  adult  white  rats  on 
January  6,  1906.     The  first  of  these  was  killed  on  February  8,  and 
no  tumor  was  found.     The  two  remaining  rats  developed  intra- 
peritoneal but  no  subcutaneous  tumors.     Rat  2  was  killed  on  March 
19,  at  which  time  a  nodule  the  size  of  a  small  bean  was  attached  to 
the  abdominal  parietes.     Rat  3  died  on  June  26,  nearly  six  months 
after  inoculation.     There  was  no  emaciation,  but  the  skin  over  the 
abdomen  was  tense  and  the  abdominal  cavity  contained  a  tumor 
the  size  of  a  walnut,  attached  to  the  abdominal  wall  and  to  the 
great  omentum.     The  tumor  resembled  the  original  in  its  gross 
appearances,   although  the  central  portion  was  necrotic  but  firm. 
Tw^o  smaller  pea-sized  nodules  also  occurred  in  the  omentum;  each 
kidney  contained  several  metastases  up  to  three  millimeters  in  size; 
the  lungs  were  studded  with  nodules  ranging  from  a  millet  seed  to  a 
bean  in  size;  a  large  nodule  at  the  inferior  border  of  the  luno-s 
united  them  to  the  mediastinum  and  diaphragm  and  extended  into 
the    pericardium;    the    inferior    part   of   the    pericardial    sac    was 
thickened  into  a  cup-shaped  depression  for  the  apex  of  the  heart; 
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the  left  ventricle  was  invaded  from  the  pericardium  and  contained 
a  nodnle  the  size  of  a  pea  extending  into  the  ventricle,  while  the 
visceral  epicardium  was  generally  thickened  and  white.  On  section 
the  lungs  were  found  to  contain  disseminated  nodules,  and  the  costal 
pleura  contained  several  nodules. 

It  is  interesting  that  Rat  3,  which  succumbed  to  the  tumor 
developing  wathin  the  peritoneal  cavity,  should  have  show-n  extensive 
metastases,  wdiile  the  original  animal,  which  also  showed  an  intra- 
peritoneal growth,  was  not  the  subject  of  metastasis.  Microscopical 
examination  of  the  partially  developed  nodule  from  Rat  2  showed 
that  the  growth  was  proceeding  from  the  periphery,  while  the 
center  was  already  necrotic.  The  clearest  picture  illustrating  the 
mode  of  growth  was  found  at  the  point  at  which  the  abdominal 
muscle  was  being  invaded.  The  cells  of  the  outermost  layer  were 
small  and  round  and  resembled  the  usual  small  cell  infiltration 
observed  at  the  growing  edge  of  malignant  tumors  in  human  beings. 
Mingled  with  them  were  oval  epithelioid  cells  derived  from  the 
muscle  and  the  interstitial  connective  tissue,  and  a  moderate  number 
of  polynuclear  leucocytes.  Adjacent  to  this  layer  was  a  layer  of 
capillary  vessels  separated  from  one  another  by  oval  and  elongated 
cells  and  a  fine  fibrillar  tissue.  This  one,  which  was  very  cellular, 
passed  over  into  the  fibrous  layer,  w^hich  was  more  cellular  at  the 
periphery  than  at  the  center.  This  fibrous  strand  was  not  strictly 
homogeneous,  but  included  islands  of  large  cells  corresponding  with 
the  polymorphous  cells,  rich  in  protoplasm,  of  the  original  tumor. 
In  the  central  fibrous  tissue  small  islands  of  these  cells  were  under- 
going necrosis.  There  were  present  a  certain  number  of  multi- 
nucleated masses  of  protoplasm,  constituting  giant  cells,  or  resem- 
bling syncytium.  Sections  stained  by  Mallory's  method  brought 
out  the  fact  that  almost  everywhere  in  the  tumor  the  connective 
tissue  w^as  so  arranged  as  to  form  definite  spaces  enclosing  oval 
and  polyhedral  cells  with  large  vesicular  nuclei.  The  tumor  was, 
therefore,  not  a  homogeneous  structure  anyw^here,  but  was  made  up 
of  two  elements,  connective  tissue  and  cells  independent  of  but 
enclosed  in  it. 

The  microscopical  appearance  of  the  tumor  nodules  in  Rat  3  will 
be  described.     The  large  omental  nodule  showed  a  cortex  merely  of 
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living  tissue,  and  center  consisting  of  hyalin  and  fibrous  tissue. 
The  most  peripheral  zone  was  the  most  cellular,  but  also  contained 
much  fibrous  tissue.  The  cells  consisted  chiefly  of  the  large  poly- 
morphous cells,  with  vesicular  nuclei  occurring  singly  and  in  groups. 
The  center,  which  was  hyalin  and  fibrous,  still  showed  areas  of  the 
polymorphous  cells.  These  cells  and  the  cells  forming  the  capil- 
laries and  the  stroma  were  quite  distinct.  The  smaller  omental 
nodules  represented  developments  within  the  adipose  tissue.  The 
most  recent  invasion  was  at  the  periphery,  which  consisted  of  areas 
of  the  polymorphous  cells  embedded  in  hyalin  connective  tissue. 
These  nodules  were  inactive  and  the  centers,  already  hyalin,  enclosed 
atrophying  cells  of  the  large  type. 

The  lung  nodules  might  or  might  not  involve  the  pleura.  W^hen 
the  intrapulmonary  nodules  were  small  they  surrounded  the 
medium-sized  blood  vessels  and  consisted  of  the  large  cells  occupy- 
ing the  perivascular  lymph  spaces,  from  which  they  spread  into  the 
alveoli.  Apparently  the  alveolar  epithelium  was  lost  and  the  spaces 
were  entirely  filled  from  the  larger  tumor  cells.  Unless  the  pleura 
was  invaded  there  was  no  increase  in  the  connective  tissue,  but 
invasion  of  the  pleura  at  once  led  to  a  new  growth  of  connective 
tissue,  which  together  with  the  tumor  alveoli  quickly  underwent 
hyalin  and  other  forms  of  necrosis.  However,  in  the  hyalin  tissue 
a  certain  number  of  columns  of  the  large  tumor  cells  persisted. 
Usually  the  lower  border  of  the  tumor  in  the  pulmonary  paren- 
chyma preserved  its  integrity.  In  addition  to  the  usual  cells,  multi- 
nucleated giant  cells  occurred  in  the  pulmonary  nodules.  Sections 
carried  through  the  large  nodule  at  the  hilum  of  the  lung  from 
which  the  pericardium  was  involved  showed  appearances  similar  to 
those  of  the  large  intraperitoneal  mass,  but  in  addition  there  were 
present  a  remarkable  number  of  mono-  and  multinucleated  giant 
cells,  some  of  which  were  of  the  megacaryocytic  type  (Plate  III, 
Fig.  7),  These  cells  often  included  mononuclear  and  polynuclear 
leucocytes.  Some  of  the  massive  giant  cells  included  scores  of 
smaller  cells,  probably  leucocytes,  in  process  of  fragmentation. 
The  giant  cells  were  irregularly  distributed.  The  great  blood 
vessels  were  surrounded  by  tumor,  but  were  patent.  An  inter- 
mediate stage  was  present  in  this  part  of  the  lungs,  between  the 
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early  condition  in  which  the  alveoli  were  occupied  by  tumor  cells, 
and  the  later  one,  in  which  the  tumor  had  become  hyalin  and  ril)rous. 
This  intermediate  statue  was  characterized  by  a  thickening,  through 
spindle  cells  and  iibrillated  tissue,  of  the  air  vesicles,  which  con- 
tained mononuclear  cells  of  the  type  of  the  tumor  cells,  suggesting 
when  viewed  under  the  low  power  of  the  microscope  an  alveolated 
tumor  of  the  ei)ithelial  type.  Mitotic  figures  in  the  large  cells  were 
frequent.  The  nodules  in  the  parietal  pleura  were  invading  the 
intercostal  muscles  on  the  one  side  and  projecting  into  the  pleural 
cavity  on  the  other.  They  lacked  the  organoid  characters  described 
and  were  composed  of  spindle  cells  coursing  longitudinally  and 
transversely,  and  of  small  round  cells  next  to  the  muscle,  and  were 
invaded  with  polynuclear  leucocytes. 

The  masses  in  the  kidneys,  the  largest  of  which  measured  six  by 
four  millimeters,  developed  in  the  cortex.  These  nodules,  some  of 
which  were  wedge-shaped,  w^ere  produced  by  an  invasion  of  the 
tubules  of  the  kidney  and  of  the  perivascular  connective  tissue  with 
the  large  poly  form  tumor  cells,  wdiich  had  taken  the  place  of  the 
proper  epithelium  of  the  tubules.  Among  them  a  few  multi- 
nucleated giant  cells  were  present.  The  glomeruli  persisted  much 
longer  than  the  tubular  structures  and  the  intertubular  connective 
tissue  was  increased  by  a  layer  of  fine  connective  tissue  fibrils  and 
spindle  cells.  Polymorphonuclear  leucocytes  were  distributed 
throughout,  and  accumulated  most  numerously  in  minute  foci  of 
necrosis.  When  the  nodules  projected  beyond  the  capsule  they 
consisted  chiefly  of  connective  tissue  containing  a  certain  number 
of  large  cells  occupying  definite  spaces  suggestive  of  lymphatics. 
When  these  lines  of  cells  were  longitudinally  distributed,  they  some- 
times extended  across  the  field  of  the  microscope,  and  when  they 
were  cut  obliquely  or  transversely,  they  resembled  alveoli. 

The  nodule  in  the  ventricular  wall  consisted  of  a  solid  tumor 
composed  of  a  fibrillated  stroma,  spindle  cells  and  capillary  vessels, 
in  which  the  large  tumor  cells  were  embedded  in  an  irregular 
manner.  There  was  absence  of  alveolation,  and  the  tumor  cells 
proper  formed  small  groups  or  occurred  singly,  and  were  closely 
surrounded  by  the  stroma.  Giant  cells  were  also  numerous.  At 
the   extending  edge   of  the   nodule   a   zone   of   small   round   cells 
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appeared,  from  which  capillaries  penetrated  the  muscle  fibers. 
These  fibers  were  separated  and  compressed  by  spindle  and  small 
round  cells,  a  formation  disclosing  the  invasion  of  the  tumor  cells 
proper,  which  passed  between  the  muscle  fibers  in  parallel  lines. 
The  cells  that  appeared  to  be  the  most  recent  consisted  of  multi- 
nucleated masses  of  protoplasm.  What  was  taken  to  be  the  coro- 
nary sinus  had  been  invaded  by  the  large  cells,  which  were  unpro- 
vided with  a  stroma.  At  one  point  the  lumen  was  bridged  by  the 
tumor  cells  and  at  other  places  a  fibrinous  thrombus  had  developed, 
into  which  the  tumor  cells  were  pushing  (Plate  IV,  Fig.  8).  The 
general  layer  of  epithelium  w^as  thickened  and  infiltrated  w^ith  a 
mixture  of  the  large  tumor  cells  and  spindle  cells,  and  was  excess- 
ively vascularized.  It  is  patent  that  this  transplantable  tumor 
possessed  a  considerable  degree  of  invasive  power,  while  it 
exhibited,  on  the  other  hand,  relatively  slow  growth.  Death  was 
caused  apparently  not  by  interfering  with  tlie  nutrition  of  the 
animal,  but  rather  by  mechanical  causes,  chiefly  probably  connected 
with  the  extensive  lesions  of  the  lungs. 

The  structure  of  the  tumor,  as  revealed  by  the  first  transplanta- 
tion nodules,  was  sufliciently  varied  to  make  classification  very 
difticult.  The  tumor  was  not,  apparently,  homogeneous  in  nature, 
as  are  the  usual  sarcomata,  but  rather  of  heterogeneous  composition, 
such  as  is  found  among  the  epithelial  tumors.  The  point  should  be 
emphasized  that  all  the  metastases  discovered  w^ere  such  as  could 
best  be  produced  through  the  general  blood  current.  There  was 
no  evidence  of  involvement  of  the  lymphatic  glands  anywhere,  but 
that  the  lymphatic  vessels  of  the  viscera  could  be  invaded  was  indi- 
cated by  the  conditions  observed  in  the  lungs  and  the  capsule  of  the 
kidney.  Direct  infiltration  of  the  serous  membranes  through  im- 
plantation occurred  in  the  peritoneal  cavity  and  in  the  epicardium. 

In  the  course  of  the  different  generations  considerable  variations 
in  histological  structure  and  metastatic  properties,  wdiich  it  is  not 
necessary  to  describe  in  detail,  were  presented  by  the  tumor.  On 
the  other  hand,  it  is  desirable  to  present  the  important  facts  regard- 
ing the  peculiar  behavior  of  the  tumor.  The  generations  represent 
a  continuous  series,  while  different  strains  within  a  generation, 
expressed  by  letters  of  the  alphabet,  do  not  represent  a  uniform 
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series,  hut  indicate  merely  tlie  (lifferenl  sets  of  inoenlalions,  usually 
from  (lilTerent  nodules,  within  a  generation.  A  <;iven  generation 
w  ill.  therefore,  contain  one  or  more  strains  according  U)  the  circum- 
stances governing  the  transplantations.  These  facts  are  of  some 
importance,  in  view  of  the  circumstance  that  the  tumors  were  often 
histologically  dissimilar  within  a  given  generation,  as  will  he  shown. 

ABSTRACT    OF    PROTOCOLS    OF    THE    RATS    WITH    TUMORS. 

In  this  section  there  will  he  presented  a  selected  series  of  pro- 
tocols, hriefly  ahstracted  in  order  to  bring  out  the  varying  and 
changeable  properties  of  the  tumor. 

Of  the  second  generation,  strain  a,  Rat  7  survived  four  months  and  pre- 
sented a  large  ulcerating  subcutaneous  mass  and  pulmonary  and  diaphragmatic 
metastases.  Rat  8,  inoculated  at  the  same  time  as  7,  developed  a  subcutaneous 
tumor  which  ulcerated  later,  as  a  result  of  which  it  survived  a  month  longer 
and  showed  only  pulmonary  metastases.  Rat  6,  of  the  same  series,  survived 
two  weeks  longer  than  Rat  7,  and  showed,  besides  the  subcutaneous  nodule, 
kidney  metastases. 

Rat  64  of  the  fourth  generation  (a)  survived  five  and  one-half  months.  The 
tumor  which  first  developed  was  partially  excised  for  inoculation  purposes,  but 
it  recurred  and  eventually  caused  death.  It  invaded  the  muscles  and  peritoneum 
and  projected  into  the  abdominal  cavity  posteriorly.  Metastases  were  present 
in  the  sternum,  cartilage  of  the  ribs,  diaphragm,  left  thoracic  wall  to  a  marked 
degree,  right  thoracic  wall  to  a  small  degree,  the  anterior  mediastinum,  the 
lungs  and  left  kidney.  The  slower  progress  of  the  tumor  was  the  result  of 
the  excision,  since  other  rats  of  this  series  not  operated  upon  succumbed  within 
three  to  four  months  of  the  inoculation.  Other  rats  showed  lung  metastases 
and  one.  Rat  66,  a  metastasis  in  the  auricular  appendage.  Rat  47  is  of  special 
interest  in  this  connection.  It  was  inoculated  into  the  peritoneal  cavity  with  a 
single  fragment  of  tumor  and  survived  about  four  months.  The  main  tumor, 
which  developed  from  the  fragment,  was  situated  in  the  omentum,  but  sec- 
ondary nodules  were  present  elsewhere  in  the  abdominal  cavity  (Plate  XIII, 
Photograph  i).  One  of  these,  measuring  i  by  2  centimeters,  was  attached  to 
the  ensiform  cartilage,  which  proved  to  be  a  point  of  predilection  for  the 
development  of  intra-peritoneal  nodules.  A  second  point  of  predilection,  as  it 
afterwards  proved  to  be,  was  the  space  between  the  liver  and  the  diaphragm, 
next  to  the  cardiac  extremity  of  the  stomach.  In  this  instance  the  stomach  had 
been  invaded  by  the  tumor,  which  had  passed  to  the  mucous  membrane  and 
led  to  a  partial  digestion  of  the  membrane  and  production  of  a  cup-shaped 
depression.  A  single  pin-point  metastasis  existed  in  the  lungs.  Rat  46  was  also 
inoculated  into  the  peritoneal  cavity.  It  survived  about  three  months.  The 
original  fragment  developed  in  the  pelvis  to  a  tumor  measuring  3  by  2  by  i]/i 
centimeters,  which  had  invaded  the  muscle  of  the  abdominal  wall.     A  series  of 
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secondary  nodules  developed  within  the  omentum  and  extended  upwards  to  the 
transverse  colon  and  in  the  gastro-hepatic  omentum,  reaching  the  diaphragm  and 
binding  it  to  the  lesser  curvature  of  the  stomach.  The  cardia  of  the  stomach  was 
invaded  over  its  entire  extent  at  the  diaphragm  by  the  tumor,  which  passed  into 
the  cavity  and  replaced  the  mucous  membrane,  which  became  altered  to  form 
a  cup-shaped  depression  (Plate  XIV,  Photograph  2).  Separate  small  nodules 
appeared  over  the  peritoneal  covering  of  the  stomach,  and  the  lungs  showed  a 
number  of  small  metastases.  Rat  61  survived  a  subcutaneous  inoculation  about 
three  months.  The  superficial  tumor  which  developed  at  the  lower  border  of 
the  thoracic  wall  measured  3  by  4  centimeters.  It  penetrated  the  muscles  and 
projected  into  the  abdominal  cavity,  pushing  the  retro-peritoneal  tissue  before  it. 
As  a  result  the  right  kidney  and  adrenal  gland  were  forced  forwards,  the 
kidney  was  extensively  invaded  with  tumor,  the  right  adrenal  gland  was  con- 
verted into  tumor,  and  a  mass  of  tumor  extended  in  the  gastro-hepatic  omentum 
towards  the  lesser  curvature  of  the  stomach,  over  which  it  spread  and  into 
which  it  penetrated.  An  elevated  boss-like  nodule  appeared  in  the  mucous 
membrane  and  was  connected  with  the  mass  in  the  wall ;  while  on  the  opposite 
(left)  side  a  larger  ulcerated  area  existed,  probably  representing  an  implanta- 
tion tumor  upon  the  mucous  membrane  through  contact  (Plate  V,  Fig.  9). 
Rat  67  survived  five  months  and  was  inoculated  on  two  separate  occasions.  The 
first  tumor  developed  in  the  subcutaneous  tissues  and  ulcerated.  The  second 
fragment  was  introduced  into  the  lumbar  muscles,  developed  there  and  ex- 
tended upward,  invading  the  sternum  and  ribs.  The  left  pleural  cavity  was 
quite  filled  with  a  mass  which  compressed  the  left  lung  entirely.  At  the  same 
time  it  grew  downwards,  displacing  the  diaphragm  inferiorly,  and  upwards  to 
the  apex  of  the  thoracic  cavity,  pushing  through  the  ribs  and  intercostal  muscle 
and  came  to  lie  beneath  the  superficial  fascia.  The  pericardium  and  mediasti- 
num were  overgrown  and  the  right  pleura,  which  was  invaded,  led  to  the  binding 
of  the  lung  to  the  ribs.  Rat  51  survived  an  intra-abdominal  inoculation  about 
four  months.  A  main  mass  5  by  slA  centimeters  developed  and  secondary  small 
nodules  were  produced.  The  mesentery  was  invaded,  thickened,  and  caused  to 
retract,  so  as  to  bring  the  small  intestine  into  a  close  small  coil.  The  right 
kidney  was  surrounded  by  a  mantel  of  tumor;  the  diaphragm,  and  from  it  the 
pleurae,  were  invaded,  and  ascites  existed.  The  ascitic  fluid  measured  25  centi- 
meters and  contained  masses  of  tumor  cells. 

As  will  be  observed,  in  the  course  of  the  fourth  generation,  in  which  a  con- 
siderable number  of  rats  was  inoculated,  a  considerable  variety  of  effects  were 
produced.  What  is  particularly  striking  is  the  invasiveness  exhibited  by  the 
tumor  and  its  tendency  to  develop  frequently  in  the  region  of  the  diaphragm, 
adjacent  to  the  right  lobe  of  the  liver  and  the  stomach,  and  to  avoid  invading 
the  former  and  choosing  regularly  to  invade  the  latter.  In  no  instance  during 
this  generation  was   a  lymphatic  gland  metastasis  observed. 

In  the  fifth  generation  some  interesting  examples  were  observed.  Rat  325 
(g)  was  inoculated  into  the  muscles  of  the  back  and  survived  2^  months.  The 
tumor  which  developed  measured  2  by  2  centimeters.  It  invaded  the  ribs  and 
spinal  column  in  the  dorsal  region,  produced  paraplegia,  and,  projecting  into  the 
thoracic  and  abdominal  cavities,  displaced   forward  the  liver  and  kidney.     The 
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lungs  and  mediastinum  contained  nodules.  Rat  ^27  was  killed  after  three 
months,  at  which  time  there  existed  besides  the  subcutaneous  nodule  and  the 
lung  metastases  a  mass  in  the  region  of  the  axillary  gland  which  measured  0.4 
by  0.4  centimeter.  It  should  be  remarked  that  this  was  the  first  example  of 
apparently  a  lymphatic  gland  metastasis.  Rat  276  survived  2^  months.  A  sub- 
cutaneous nodule  of  the  right  side  had  penetrated  the  abdominal  cavity,  pushed 
the  kidney  and  adrenal  gland  forward,  displaced  the  spinal  column  to  the  right, 
and  given  rise  to  a  secondary  nodule  compressing  the  ureter,  which  above  the 
nodule  was  dilated  to  the  size  of  a  goose  quill,  and  was  associated  with  a  hydro- 
nephrosis in  which  the  kidney  was  enlarged  to  double  its  normal  size.  There 
were  other  nodules  in  the  omentum  and  serous  covering  of  the  spleen  and  liver, 
in  the  mediastinum,  and  between  the  heart  and  the  lungs.  Rat  196  (d)  sur- 
vived three  months.  The  original  ulcerated  subcutaneous  nodule  involved  the 
skin  and  abdominal  muscles  and  penetrated  the  lower  ribs  into  the  abdominal 
cavity.  In  the  subcutaneous  tissue  above  the  main  tumor  was  a  separate  smaller 
nodule  connected  with  the  original  tumor  by  a  white  cord.  The  second  nodule 
was  in  turn  connected  by  a  similar  white  cord  with  a  third  nodule,  situated  in 
the  axillary  space  and  representing  probably  the  much  enlarged  axillary  glands. 
The  white  cords  were  taken  to  be  lymphatic  vessels  invaded  by  tumor.  Rat 
197  showed,  as  the  result  of  a  second  implantation,  tumor  invasion  of  the 
inguinal  lymphatic  gland  on  the  side  of  the  inoculation,  and  other  metastatic 
nodules.  Rat  230  exhibited  invasion  of  the  ribs,  penetration  of  the  thoracic 
cavity  and  the  spinal  canal,  associated  with  paraplegia.  The  infra-clavicular 
l>Tnphatic  glands  on  both  sides  w^ere  invaded.  The  superior  lobes  of  the  lungs 
were  studded  with  nodules,  the  caudal  lobe  was  the  seat  of  a  diffuse  infiltration, 
a  lymphatic  gland  above  the  diaphragm  was  enlarged  by  tumor  to  the  size 
of  a  pea,  and  the  kidney  contained  a  nodule  2^  centimeters  in  size.  Rat  231 
showed  a  similar  condition  to  the  last,  and  in  addition,  a  retro-peritoneal  and 
bronchial  gland,  as  well  as  the  left  axillary  gland,  contained  metastases  (Plate 
XIV,  Photograph  3;  Plate  XV,  Photograph  4).  Rat  93  (a)  survived  3^  months. 
A  secondary  graft  developing  subcutaneously  involved  the  axillary  gland,  which 
became  enlarged  to  a  size  of  i  by  2  centimeters  and  from  which  a  growth  sur- 
rounded the  clavicle,  penetrated  into  the  pleural  cavity,  and  encircled  the  great 
vessels  of  the  heart.  The  lungs  presented  nodules,  but  the  heart  did  not.  Rat 
88  survived  an  intra-muscular  inoculation  two  months.  The  main  tumor  forced 
its  way  into  the  thorax  on  the  left  side,  pressed  against  the  vertebral  column, 
which  was  displaced  anteriorly  and  to  the  right.  The  ribs  corresponding  to  the 
main  portion  of  the  tumor  had  disappeared,  the  lower  half  of  the  left  pleural 
cavity  was  obliterated  by  the  mass,  which  invaded  the  diaphragm,  penetrated 
into  the  abdominal  cavity,  grew  into  the  cardia  of  the  stomach,  the  superior 
pole  of  the  kidney  and  the  adjacent  adrenal  gland  and  involved  the  lymphatic 
glands  at  the  superior  surface  of  the  liver.  Rat  418  (Ji)  developed  a  subcu- 
taneous tumor  which  ulcerated  and  led  to  axillary  and  inguinal  lymphatic  gland 
metastases.  In  the  inguinal  region  a  chain  of  enlarged  glands  or  nodules 
extended  from  the  margin  of  the  tumor  to  the  angle  of  the  leg.  Pulmonary 
and  mediastinal  metastases  occurred.  Rat  424  (i)  was  inoculated  intra-peri- 
toneally  with  ascitic  fluid   from  Rat  51.     Multiple  intra-abdominal  nodules   de- 
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veloped  in  the  omentum  at  the  ensiform  cartilage  and  between  the  spleen  and 
the  left  kidney.  A  chain  of  nodules  extended  from  the  pelvis  to  the  stomach, 
the  wall  of  which  at  the  expanded  esophageal  part  was  invaded  and  the  mucosa 
ulcerated  (Plate  XV,  Photograph  5).  Rat  425  developed  an  intra-abdominal 
tumor  growing  about  the  stomach,  spleen,  left  kidney  and  adrenal  gland.  A 
nodule  had  passed  completely  through  the  spleen,  and  the  left  adrenal  gland 
was  lost  in  the  growth.  Rat  426  exhibited  two  large  and  many  small  intra- 
abdominal tumors.  The  inoculation  was  made  with  ascitic  fluid  in  the  manner 
of  Rat  424.  The  left  kidney  was  replaced  by  tumor,  except  for  a  thin  shell  of 
renal  tissue  surrounding  a  large  cyst. 

In  the  fifth  generation,  therefore,  the  tumor  began  to  produce  lymphatic 
gland  metastases,  and  at  the  same  time  continued  to  be  deeply  invasive  of  tis- 
sues in  its  locality,  to  be  disseminated  by  implantation,  and  to  produce,  as 
before,  abundant  distant  metastases.  In  the  succeeding  generations  the  prop- 
erties of  the  tumor  as  now  developed  did  not  undergo  any  striking  alteration. 
A  few  notes  may  be  made,  therefore,  with  reference  to  certain  points  which 
appeared  from  time  to  time.  For  example,  it  was  noted  in  the  seventh  gen- 
eration that  seven  additional  examples  of  gastric  invasion  occurred.  The 
invasion  always  took  place  at  the  dilated  esophageal  extremity,  and  from  the 
tumor  growing  between  the  liver  and  the  diaphragm.  The  kidneys  were  not 
infrequently  the  seat  of  metastasis.  Sometimes  one  kidney  would  be  quite 
converted  into  tumor  (Rat  597,  seventh  generation),  another  example  of  com- 
pression of  the  ureter,  succeeded  by  hydronephrosis,  was  noted  in  the  tenth 
generation.  The  pulmonary  metastases  were  much  the  most  common  of  all. 
As  a  rule,  when  lung  nodules  existed,  the  mediastinum  was  invaded  and  usually 
the  parietal  pleura  and  the  intercostal  muscles  became  infected.  Sometimes  an 
entire  lung  was  invaded  from  the  hilum  (Rat  1775,  tenth  generation),  and  com- 
pression of  a  branch  of  the  pulmonary  artery  by  tumor  gave  rise  to  infarc- 
tion of  a  lobe  of  the  lung  (Rat  401,  seventh  generation).  The  myocardium  was 
invaded  in  several  additional  instances.  A  mass  extended  from  the  lungs  into 
the  wall  of  the  heart  (Rat  553,  sixth  generation).  A  metastatic  nodule  appeared 
in  the  left  ventricle  (Rat  401,  seventh  generation)  and  implantation  nodules 
occurred  in  both  auricles  and  in  the  left  ventricle  (Rat  2392,  ninth  generation). 
The  lymphatic  metastases  continued  to  appear.  They  were  usually  in  the 
axillary  and  inguinal  glands,  and  arose  from  subcutaneous  inoculation.  How- 
ever, other  superficial  and  even  the  deeper  glands  were  sometimes  involved. 
The  retro-peritoneal  glands  (Photographs  3  and  4)  were  several  times  involved, 
and  once  a  chain  of  these  glands  was  affected,  along  with  the  axillary  gland 
(Rat  1648,  eleventh  generation).  A  pelvic  lymphatic  gland  was  once  involved, 
but  afterwards  suppurated  (Rat  3035,  fourteenth  generation).  The  bronchial 
lymphatic  glands,  together  with  the  axillary  glands  (Rat  i860,  tenth  genera- 
tion) and  once  the  bronchial,  trachaeal  and  clavicular  glands  were  invaded 
jointly  (Rat  1617,  eleventh  generation).  The  inguinal,  axillary  and  mesenteric 
glands  were  once  jointly  invaded  (Rat  2048,  tenth  generation).  In  one  instance, 
a  tumor  nodule  pressing  upon  the  common  bile  duct  produced  jaundice  (Rat 
1338,  ninth  generation).  In  two  instances  the  wall  of  the  thoracic  duct  showed 
small  nodules  (Rats  1753,  tenth,  and  Rat  2273,  eleventh  generation). 
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So  much  has  been  stated  of  the  tendency  of  the  large  tumor  masses  to  set 
up  metastases  that  it  remains  to  be  added  that  the  tumor  could  grow  to  a  con- 
siderable size,  produce  marked  local  destruction  of  tissue,  without  at  the  same 
time  yielding  any  discoverable  metastases. 

The  object  of  presenting  such  a  considerable  number  of  protocols 
is  to  bring  out  the  fact  of  the  malignancy  of  the  tumor  under  dis- 
cussion, and  the  great  variety  of  effects  which  it  produced  according 
to  the  circumstances  of  its  development.  The  tumor  was  found  to 
recur  after  what  appeared  to  be  complete  surgical  extirpation,  to 
grow  through  the  skin,  muscle,  fascia  and  bone,  and  to  penetrate 
into  the  circulation,  thus  setting  up  secondary  or  metastatic  foci  at 
a  distance.  It  should  be  noted  that  until  the  fifth  generation  there 
had  been  no  instance  of  lymphatic  gland  metastasis,  and  during  that 
generation  and  in  subsequent  generations  this  form  of  local  metas- 
tasis became  common.  As  will  be  observed  a  little  later,  the  acquisi- 
tion of  the  property  enabling  the  tumor  to  invade  the  lymphatics 
was  associated  with  a  significant  histological  alteration  in  its  struc- 
ture. The  growth  within  the  abdominal  cavity  tended  to  become 
multiple,  even  when  they  arose  from  a  single  inoculated  fragment, 
a  result  to  be  expected  in  view  of  the  conditions  in  the  peritoneal 
cavity  which  favor  the  secondary  implantation  of  tumor  cells.  It 
is,  however,  noteworthy  that  these  implantations  were  so  common 
between  the  diaphragm  and  the  stomach,  which  structures  tended 
themselves  always  to  be  invaded.  Of  all  the  intra-abdominal 
organs,  the  stomach  was  most  frequently  penetrated  by  the  tumor, 
which  tended  to  appear  in  the  mucous  membrane  and  to  set  up 
ulceration  quite  as  tumors  do  in  man  which  originate  in  the  mucous 
membrane.  It  is  further  remarkable  that  the  gastric  nodules 
always  developed  in  the  esophageal  segment  of  the  stomach,  and 
that  the  mucosa  was  subject  to  infection  directly  through  contact 
with  tumor  on  the  opposite  side  of  the  viscus.  It  is  worth  con- 
sidering, therefore,  whether  the  tumor  can  be  implanted  on  the 
normal  mucosa.  We  have  abundant  evidence  to  show  that  rats 
cannot  be  infected  by  feeding  upon  the  tumor.  It  was  repeatedly 
observed  that  when  fragments  of  the  tumor  were  inoculated  into 
the  muscles  they  tended  to  develop  towards  the  interior,  and  when 
implanted   beneath   the    skin,    towards    the    surface   of   the   body. 
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Cartilage  and  bone  offered  no  impediment  to  the  growth  of  the 
tnmor.  The  deposit  by  preference  of  the  tumor  emboU  in  certain 
organs,  such  as  the  huigs  and  kidneys,  is  a  distinctive  feature  of  the 
tumor,  as  is  the  tendency  of  the  lung  nodules  to  lead  to  infection  of 
the  mediastinal  tissues  and  the  walls  of  the  thorax,  the  latter  appar- 
ently through  contact.  Metastases  were  never  developed  in  any  of 
the  internal  organs  or  lymphatic  glands  except  through  blood  in- 
fections, although  they  might  be  produced  by  direct  extension  from 
neighboring  parts.  It  is  probable  that  the  nodules  in  the  heart 
muscle  were  all  the  result  of  ingrowth  from  the  lungs,  and  it  is 
remarkable  that  with  the  frequency  of  the  pulmonary  metastases  the 
bronchial  lymphatic  glands  were  so  rarely  affected.  The  superficial 
lymphatic  glands  were  much  oftener  affected  than  the  deep  ones. 
Small  and  medium-sized  and  ulcerated  tumors,  in  which  only  a  thin 
membranous  remnant  of  tissue  remained,  might  produce  many 
metastases,  and  large,  well  developed  tumors  might  produce  no 
metastases.  It  should  be  noted  that  in  one  instance  a  nodule  com- 
pressed the  common  bile  duct  and  led  to  jaundice;  in  two  instances 
small  nodules  were  observed  in  the  thoracic  duct. 

HISTOLOGY  OF  THE  LATER  TRANSPLANTATIONS. 

It  is  not  our  intention,  in  considering  the  histology  of  the  trans- 
plantation tumors,  to  describe  exhaustively  the  successive  genera- 
tions. The  effort  will  be  made,  however,  to  present  the  facts  of 
the  histology  in  such  a  manner  as  to  bring  out  the  significant  and 
fundamental  histological  changes  through  which  the  tumor  has 
passed,  and  with  which  have  been  correlated  certain  properties  of 
metastasis,  and  to  make  clear  minor  fluctuations  in  structure  that 
are  being  slowly  eliminated.  In  another  section  there  will  be  dis- 
cussed the  manner  of  proliferation  of  the  tumor  fragments,  so  that 
this  point  can  be  passed  over  now. 

The  second  and  third  generations  of  the  tumor  showed  no 
remarkable  variations  of  the  structures  already  described  (see 
page  19).  A  variation  was  found  according  as  the  tumor  was 
proliferating  or  had  come  to  a  temporary  standstill.  According  to 
one  or  the  other,  two  quite  independent  types  could  be  distinguished : 
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(i)  a  proUfcraling  tissue,  producing  stroma  and  columns  of 
cpithelial-likc  cells  (Plate  V,  V'\g.  lo;  Plate  VI,  Fig.  ii;  low  and 
high  power);  (2)  a  stationary  tissue  composed  of  capillaries  and 
spindle  cells  and  few  epithelioid  cells  (Plate  VI,  Fig.  12  ).  1'he  two 
types  were  grossly  so  different  that  had  it  not  been  for  their  com- 
mon origin  and  certain  resemblances  between  the  epithelial  cells  they 
could  not  be  considered  as  related.  What  should  be  perhaps 
emphasized  is  tlie  fact  that  in  retrogressing  hyalin  fibroid  tissue 
associated  with  the  stationary  nodules  the  most  persistent  cells 
were  certain  epithelioid  elements  occupying  compressed  spaces  in 
the  hyalin  mass  (Plate  VII,  Fig.  13). 

In  the  fourth  generation  (a)  the  appearances  were  various.  An 
omental  nodule  in  Rat  45  was  composed  wholly  of  elongated,  closely 
packed  cells,  without  arrangement  into  alveoli,  and  the  nodule  was 
quite  solid  except  where  islands  of  adipose  tissue  remained  free  of 
tumor.  In  Rat  49  the  pancreas  had  been  invaded  and  the  tumor 
had  produced  obliteration  of  the  splenic  vessels,  causing  necrosis  of 
the  spleen.  In  respect  to  histology,  this  tumor  was  imperfectly 
alveolated  or  fibrous.  The  growth  in  the  pancreas  was  highly 
fibrous  and  included  isolated  tubules  resembling  ducts,  lined  with 
superficial  epithelium,  doubtless  the  remains  of  the  excretory  ducts 
of  the  gland.  The  walls  of  the  obliterated  splenic  artery  and  vein, 
which  contained  a  hyalin  and  leucocytic  thrombus,  showed  inflam- 
mation and  the  passage  of  the  large  tumor  cells  from  without  into 
the  lumina  (Plate  VII,  Fig.  14).  In  other  sections  the  splenic 
artery  showed  an  obliterating  endarteritis  of  high  degree,  the  spleen, 
a  wedge-shaped  growth  of  tumor  about  the  vessels,  and  the  liver, 
a  superficial  invasion  attended  with  necrosis  of  adjacent  hepatic 
lobules.  In  Rat  50  the  small  intrapulmonary  nodules  consisted  of 
the  air  vesicles,  in  which  the  normal  lining  had  been  substituted  by 
the  large  tumor  cells.  The  pleural  nodules  were  larger  and  the 
epithelial  masses  within  them  exhibited  an  acinous  arrangement. 
\\1ien  the  pleural  mass  projected  beyond  the  membrane  the  number 
of  living  tumor  cells  was  small  and  it  was  composed  chiefly  of 
hyalin  fibrous  tissue,  or  a  homogeneous  tissue  into  which  the  large 
pale  degenerating  tumor  cells  with  large  hypochromatic  nuclei  were 
being  fused.     The  portions  of  the  nodule  immediately  within  the 
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pleural  membrane  and  extendin*^"  superficially  into  the  lun^  were 
composed  of  large,  irregular  alveoli  containing  epithelioid  cells, 
often  enclosing  clefts  suggesting  lumena.  Some  of  these  alveoli 
had  become  dilated  into  small  cysts  enclosing  cell  detritus.  The 
large  epithelioid  cells  were  dividing  rapidly  by  mitosis,  while  no 
mitoses  were  seen  in  the  stroma.  The  tumor,  which  was  extending 
into  the  parietal  pleura  and  the  intercostal  muscles,  preserved  its 
alveolar  character,  although  the  amount  of  stroma  being  produced 
was  highly  excessive.  The  manner  of  gastric  invasion  was  char- 
acteristic (Plate  \TII,  Fig.  15).  In  the  first  place  the  growth  was 
limited  to  the  dilated  esophageal  segment.  The  section  viewed  from 
the  inner  surface  of  the  organ  showed  a  cup-shaped  depression  over 
the  central  and  part  of  the  peripheral  portion  of  the  growth,  which 
rested  on  necrotic  tissue  devoid  of  nuclei.  The  mucous  membrane 
was  persistent  at  each  side  of  this  crater.  The  main  or  central  mass 
of  tumor  was  highly  fibrous  and  resembled  in  structure  a  cicatrizing, 
scirrhous  carcinoma  in  man.  This  dense  fibrous  portion  still 
showed  a  small  number  relatively  of  compressed  areas  of  cells, 
originally  the  large  epithelioid  cell.  A  sharp  but  iregular  line  of 
demarcation  composed  of  fragmented  leucocytes  and  bacteria 
marked  the  limits  of  living  and  dead  tissue.  The  extreme  edges  of 
tlie  tumified  mass  showed  more  tumor  tissue  proper,  less  fibrous 
tissue,  and  some  remains  of  the  smooth  muscular  wall  of  the  organ. 
AMiere  the  mucous  membrane  was  still  preserved,  the  epithelioid 
tumor  cells  occupied  spaces  between  the  connective  tissue  fibrils  that 
formed  the  submucosa  and  penetrated  the  papillary  layer.  As  soon 
as  the  papillary  layer  was  invaded,  two  kinds  of  pathological  changes 
took  place  in  the  mucosa.  The  first  affected  the  inner  or  super- 
ficial face  of  the  epithelium;  the  continuity  of  the  horny  layer  was 
disturbed  and  collections  of  fluid  in  vesicles  formed.  These  vesicles 
penetrated  only  a  short  distance  into  the  substance  of  the  inter- 
papillary  epithelial  processes,  but  they  projected  for  a  much  greater 
distance  into  the  cavity  of  the  organ.  The  contents  of  the  vesicles 
were  homogeneous  and  contained  leucocytes  and  fragments  of 
keratinized  epithelium.  The  epithelial  layer  below  was  much  dis- 
turbed. The  second  change  consisted  of  a  deepening  of  the  inter- 
papillary  processes,  which  also  became  narrowed  and  penetrated 
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more  deeply  into  the  lumor-innitrated  sub-mucosa.  Moreover, 
the\'  had  dix'ided  irreti^ularly  into  dii^its.  11ie  ei)itlielial  cells  com- 
posiiii^"  tlioni  had  become  paler  and  richer  in  protoplasm  and  were 
actively  dividini^"  by  mitosis.  As  the  ed.i^e  of  the  crater  was 
approached  tlie  dilatation  was  most  marked  and  the  liorny  layer 
imperfectly  formed  and  rapidly  disintegrating.  In  otiier  words, 
the  epithelial  layer  of  the  esophagus,  at  the  point  of  beginning 
invasion  of  the  tumor,  was  caused  to  undergo  atypical  proliferation. 
Rat  6i,  which  also  showed  invasion  of  the  gastric  wall,  was  interest- 
ing in  virtue  of  the  fact  that  it  brought  out  the  difference  in  vulner- 
ability of  the  esophageal  and  glandular  portions  of  the  organ.  The 
growth  was  mainly  confined  in  the  muscular  wall  and  the  peritoneal 
coat,  both  of  which  were  lost  in  the  mass.  The  mucous  membrane 
of  the  esophageal  segment  was  invaded  and  ulcerated,  the  invasion 
ceasing  a  fraction  of  a  millimeter  before  reaching  the  glandular 
segment.  At  the  point  of  cessation  in  the  esophageal  territory  the 
muscularis  mucosae  formed  the  boundary  line,  although  the  tumor 
cells  had  penetrated  between  it  and  the  muscular  tunic,  which  had 
now  become  widely  separated.  In  the  normal  organ  the  demarca- 
tion between  the  two  anatomical  parts — the  esophageal  and 
glandular  portions  of  the  organ — is  distinct  and  indicated  by  a 
finger-like  projection  of  sub-mucous  connective  tissue  and  smooth 
muscle  fibers,  as  well  as  by  the  change  in  epithelium.  The 
squamous  epithelium  ends  on  the  glandular  side  of  the  projection, 
although  the  esophageal  layer  has  lost  its  papillary  character  and 
become  thinner  before  it  disappears.  The  limits  of  the  tumor  were 
shown  also  on  the  outer  surface  of  the  stomach,  since  the  peri- 
toneal and  muscular  tunics,  corresponding  with  the  glandular  part 
of  the  organ,  showed  no  invasion,  and  the  omental  adhesions  were 
limited  wholly  to  the  mass  in  the  esophageal  region. 

The  kidney  nodules  were  developed  chiefly  in  the  cortex,  the 
proper  struture  of  which  was  replaced  by  the  tumor  cells.  The 
latter  invaded  the  tubules  and  took  the  place  of  the  normal  epithe- 
lium, from  which  they  were  distinguished  by  their  greater  density 
of  protoplasm  and  greater  richness  in  chromatin  of  the  nuclei.  The 
tumor  cells  formed  a  lining  similar  to  the  old,  but  sometimes  a  double 
one.     The  inter-tubular  tissue  was  increased ;  it  had  become  homo- 
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geneoiis  and  rarely  showed  the  presence  of  the  large  tumor  cells, 
but  the  compression  and  obliteration  of  the  tubules,  the  epithelium 
of  which  was  replaced  by  tumor  cells,  through  the  new  connective 
tissue  growth,  sometimes  produced  appearances  resembling  an  extra- 
tubular  invasion.  A  certain  amount  of  glomerular  obliteration  had 
taken  place  through  hyalin  thrombosis.  The  central  mass  of  the 
tumor,  except  small  islands  immediately  surrounding  blood  vessels, 
was  entirely  necrotic,  and  the  walls  of  the  vessels  had  been  invaded 
and  the  endothelium  had  sometimes  been  displaced  inwards  by  the 
tumor  cells,  although  the  lumena  were  still  patent. 

The  subcutaneous  tumors  became  attached  very  late  to  the  skin, 
because  of  the  great  resistance  to  invasion  exercised  by  the  corium 
(Fig.  lo).  Examples  show  that  the  growth  in  the  corium  tends 
not  to  be  continuous,  but  to  be  initiated  apparently  by  large  epithe- 
lioid cells,  which  are  carried  to  a  distance  apparently  in  the  tissue 
spaces,  where  they  proliferate  and  start  the  production  of  a  young 
stroma.  The  stroma  of  the  tumor  proper  is  sometimes  more  sub- 
ject to  degeneration  than  the  epithelioid  cells.  An  example  of 
this  condition  was  presented  by  Rat  53,  in  which  the  stroma  was 
necrotic  and  freely  invaded  with  leucocytes  undergoing  fragmenta- 
tion, while  the  epithelial  strands  retained  their  form  and  appearance, 
except  for  the  fact  that  the  protoplasm  was  more  strongly  baso- 
philic than  usual.  The  numerous  blood  vessels  were  dilated  and 
many  contained  hyalin  or  agglutinative  red  corpuscular  thrombi. 

From  the  description  of  the  foregoing  examples  it  would  appear 
that  the  tumor  had  acquired  in  the  fourth  generation  the  unmistak- 
able characters  of  a  carcinoma,  yet  in  point  of  fact  the  carcinoma- 
tous type  was  not  really  established  in  this  generation,  since  the 
tendency  for  the  epithelioid  cells  to  be  in  close  relationship  with  the 
stroma  had  not  been  entirely  lost.     Rat  57  illustrates  this  point. 

The  tumor  when  about  one  centimeter  in  diameter  was  in  part 
excised  for  purposes  of  transplantation.  The  cortical  zone,  which  was 
employed,  showed  under  the  microscope  elongated  bundles  of  highly 
cellular  connective  tissue  enclosing  small  groups  of  epithelioid  cells. 
The  young  tissue  consisted  of  spindle  cells  which  were  particu- 
larly massed  at  the  periphery,  while  the  central  part  was  more  fibrous 
or  even  hyalin.     While  the  epithelioid  and  connective  tissue  elements 
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were  inlerniini^lcd  al  llic  |)('n"])licrv,  the  former  were  well  flefined 
in  the  I'lbrons  slroina.  Al  the  death  of  the  rat,  a  month  later,  the 
recurrent  nodnle  proxed  to  he  hii^hly  fibrous,  and  showed  epithelioid 
cells  in  rows  and  islands  in  ])rocess  of  c(jmi)ression  and  atroi)hy. 

We  shall  now  consider  a  few  examples  of  the  fifth  generation, 
which,  as  will  he  recalled,  was  characterized  especially  by  the  appear- 
ance for  the  hrst  time  of  lym])hatic  gland  metastases.  It  was  in 
this  generation  also  that  several  examples  of  compression  of  the 
spinal  cord  occurred.  An  example  of  tlie  latter  condition  will  nrnv 
be  described. 

Rat  8/  (a)  had  been  inoculated  into  the  muscles  of  the  back,  and  the  growth 
had  extended  toward  and  invaded  the  spinal  column.  Viewed  under  the  micro- 
scope the  g-rowth  was  composed  in  its  preserved  parts  of  the  large  epithelioid 
cells  forming  solid  alveoli  which  had  penetrated  all  the  soft  parts,  substituted 
itself  for  them  and  surrounded  the  vertebral  column  and  ribs  (Plate  VlIT,  Fig. 
i6).  The  spinal  nerves  at  their  emergence  from  the  canal  were  invaded.  The 
large  tumor  cells  insinuated  themselves  between  the  muscle  fibers,  which  were 
caused  to  atrophy,  and  between  the  nerve  sheaths.  The  bony  parts  of  the 
vertebrae  were  not  destroyed,  excepting  the  spinous  processes,  in  which  no  bone 
remained.  The  tumor  passed  to  the  spinal  canal  and  reached  the  dura  mater, 
but  the  spinal  cord  was  not  compressed.  It  is  probable  that  the  paralysis  was 
produced  through  involvement  of  the  spinal  nerves  roots.  Rat  198  (d)  showed 
multiple  pulmonary  nodules,  in  which  the  tubular  or  acinous  arrangement  of  the 
epithelial  cells  was  well  marked.  The  nodules  were  often  as  large  as  a  pea  and 
replaced  the  pulmonary  tissue.  The  stroma  was  finely  fibrillated  and  did  not 
conform  to  the  original  architecture  of  the  lung.  The  pleural  nodules  were 
particularly  interesting.  While  they  possessed  a  denser  \and  more  abundant 
stroma,  they  were  covered  on  the  free  surface  wnth  a  layer  of  columnar  epitheli- 
oid cells  proliferating  rapidly  by  mitosis,  which  on  dipping  down  into  clefts  and 
depressions  of  the  tissue  gave  rise  to  typical  acinous  tubules,  as  viewed  in  sec- 
tions. A  subcutaneous  nodule  in  the  same  animal  showed  similar  epithelioid 
cells  proliferating  rapidly  and  forming  linear  solid  strands  and  not  acinous 
tubules.  There  was  also  in  this  animal  an  ingrowth  of  tumor  into  the  vertebral 
column,  which  invaded  the  dura  mater  but  did  not  infiltrate  the  spinal  cord. 
The  roots  of  the  spinal  nerves  and  the  inter-vertebral  ganglia  were  surrounded. 
This  tumor  mass  showed  interesting  variations  of  type.  The  older  and  more 
superficial  parts  were  in  a  state  of  coagulative  necrosis.  Immediately  next  to 
them  was  a  mass  of  solid  anastomosing  strands  of  cells  pushing  into  and  replac- 
ing the  muscle  fibers,  which  showed  all  stages  of  atrophy.  The  stroma  here 
developed  was  highly  fibrous.  The  large  tumor  cells  surrounding  the  spinal 
nerves  developed  in  the  perineurium  and  produced  a  heavy  collar  of  cells  about 
the  nerves,  so  that  the  main  trunks  of  the  nerves  were  completely  degenerated. 
The  t\'pe  of  tumor  cells  developed  within  the  fibrous  stroma  and  leading  into  the 
spinal  canal  was  smaller  than  elsewhere;  the  nuclei  were  darker  and  the  arrange- 
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ment  was  radial  about  the  irregularly  anastomosing  spaces  containing  the  cell 
masses,  so  that  they  were  made  to  resemble  in  a  remarkable  way  the  normal  cells 
lining  the  narrow  spaces.  Where  the  cells  could  grow  more  freely  in  the 
muscles  and  fascia  beside  the  vertebral  column,  the  alveoli  became  more  regu- 
larly rounded  or  branching.  Here  and  there  a  central  excavation  had  taken 
place  among  the  cells,  producing  a  kind  of  acinous  arrangement,  to  which 
the  term  pseudo-tubular  might  be  applied  (  Plate  IX,  Fig.  17).  At  the  outer  termi- 
nation of  the  muscles,  where  the  growth  might  be  considered  as  having  been  free 
to  extend,  the  cells  were  large  and  pale,  and  were  rapidly  multiplying  by 
mitosis ;  they  were  disposed  into  columns  and  made  to  resemble  the  form  of 
growth  described  in  the  pleural  metastases.  Rat  411  ih)  showed  some  inter- 
esting features.  There  was  an  extensive  tumor  growth  at  the  root  of  the  lung 
involving  the  great  vessels  of  certain  lobes.  The  vessels  were  thrombosed  and 
the  corresponding  lobes  of  the  lungs  were  necrotic.  The  tumor  passed  at  times 
into  the  interior  of  the  vessels,  so  that  epithelioid  cells  came  to  lie  between  the 
inner  wall  and  the  thrombus  in  a  narrow  slit  or  space,  giving  rise  to  tubules 
containing  large  multi-nucleated  cells.  Elsewhere  in  the  lungs  there  were 
numerous  tumor  nodules  developing  about  the  bronchi  and  blood  vessels,  which 
penetrated  their  walls  but  did  not  enter  the  lumena.  The  tumor  cells  in  these 
cases  might  come  to  lie  just  between  the  endothelium  of  the  vessels  and  the 
epithelium  of  the  bronchi.  In  these  the  alveolar  formation  was  solid.  The 
kidney  nodule  showed  replacement  of  the  parenchyma  of  the  organ  by  the  tumor, 
the  epithelioid  cells  of  which  occupied  the  pre-formed  tubulrs,  but  the  stroma 
was  newly   formed. 

We  shall  consider  now  the  examples  of  lymphatic  gland  involve- 
ment. As  stated,  the  tendency  of  the  tumor  at  this  time  was  to 
exhibit  the  structure  of  carcinoma.  The  particular  type  presented 
was  that  of  simple  carcinoma,  in  which  the  alveoli  showed  great 
diversity  of  form,  but  contained  solid  masses  of  epithelioid  cells. 
In  the  course  of  the  fifth  generation,  however,  this  simple  form 
began  to  show  modifications,  tending  to  the  acinous  arrangement, 
and  although  the  two  types,  the  solid  and  acinous,  of  alveoli  were 
fluctuant,  yet  the  former  became  more  and  more  common  in  this 
and  subsequent  generations,  until  it  became  dominant.  We  shall 
pass  to  the  seventh  generation  before  taking  up  the  consideration 
of  the  nature  of  the  lymphatic  gland  metastases. 

Rat  404  id)  showed,  besides  the  growth  in  the  regional  lymphatic  glands, 
metastases  in  the  lungs.  The  subcutaneous  nodule  had  ulcerated  and  left  a 
mere  capsule  of  fibrous  tissue  containing  strands  of  epithelioid  cells.  It  showed 
no  acini.  The  lungs  showed  both  disseminated  miliary  and  larger  nodules,  and 
one  lung  was  quite  completely  converted  into  tumor.  The  main  blood  vessels 
leading  to  this  lung  were  surrounded  by  tumor  and  thrombosed,  the  thrombi 
being  in  process  of  organization.     The  bronchi  had  been  either  surrounded  or 
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invaclcd  by  tuiiuir.  The  pleura  also  contaiiud  iioduks.  The  hings  were  partly 
bound  to  the  chest  wall  by  the  tumor  growth,  and  the  areolar  tissue  under  the 
heart  and  lungs  was  invaded,  but  the  growth,  which  extended  to  the  lymph 
glands  in  this  areolar  tissue,  had  not  invaded  them.  The  type  of  the  tumor  was 
the  simple  alveolar.  On  the  other  hand,  the  lymphatic  glands  in  the  region 
of  the  superficial  ulcerated  mass  had  been  invaded,  some  of  them  almost 
entirely  replaced  by  the  tumor.  The  epithelioid  cells  were  pale,  some  of  them 
presented  hypochromatic  nuclei,  and  they  formed  solid  alveoli  (Plate  IX, 
Fig.  i8).  The  succeeding  animals  frequently  showed  a  similar  replacement  of 
the  regional  lymphatic  glands,  either  with  solid  alveoli  or  a  branching  type  of 
the  tumor,  and  in  rare  instances  the  tumor  passed  through  the  lymphatic  glands 
into  the  periglandular  adipose  tissue. 

Rat  729  (d)  of  the  eighth  generation  showed  the  manner  in  which  the 
lymphatic  glands  sometimes  become  infected.  The  local  tumor,  of  fibrous  nature 
and  containing  only  a  few  of  the  epithelioid  cells  in  small  groups,  approached 
the  gland  and  became  fused  with  the  capsule,  after  which  blunt  papillary-like 
processes,  consisting  of  large  epithelioid  cells,  pushed  into  the  superficial  lym- 
phatic tissues,  which  was  the  starting  point  of  the  invasion. 

We  return  for  a  moment  to  Rat  401  (d)  of  the  seventh  genera- 
tion, because  of  a  nodule  contained  within  the  auricle  of  the  heart 
and  penetrating  into  the  cavity  of  the  auricular  appendage.  The 
muscle  cells  in  the  region  of  the  tumor  were  either  undergoing 
atrophy  or  had  entirely  disappeared.  The  tumor  itself  was  an 
alveolar  growth  of  solid  type,  possessing  a  rich  fibrous  stroma. 
The  ingrowth  into  the  muscle  of  the  heart  was  accomplished  through 
buds  of  multinucleated  protoplasm,  which,  enlarging,  produced  the 
strands  and  oval  alveoli.  The  cavity  of  the  appendage  contained  a 
fibrinous  clot  surrounded  by  hyalin  muscle  fibres,  into  which  the 
tumor  had  penetrated  and  produced  a  tubular  formation. 

At  about  this  time  the  tumor  showed  now  and  then  a  much  softer 
structure  than  it  had  previously  done,  which  can  best  be  illustrated 
by  one  or  two  examples.  Rat  808  (d)  of  the  eighth  generation 
possessed  a  tumor  the  size  and  shape  of  an  almond,  that  was  com- 
posed of  cell  masses  made  up  of  large  pale  epithelioid  cells  arranged 
either  in  solid  alveoli  or  in  tubules,  showing  lumina.  The  cortical 
portion  was  made  up  of  living  cells,  while  the  central  part,  except 
for  the  tissue  immediately  about  the  blood  vessels,  was  the  seat  of 
a  soft  necrosis,  quite  different  from  the  hyalin  necrosis  usually 
obser\'ed.  In  this  necrosis,  which  resembled  an  anaemic  infarction, 
the  cell  forms  were  still  present,  but  distorted  and  discolored  and 
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mingled  with  fragmented  nuclei.  This  particular  form  of  the  tumor 
became  progressively  more  common,  and  led  to  the  typical  adenoma 
that  constituted  the  final  form  in  which  the  tumor  occurred.  In 
different  examples  there  was  some  difference  in  arrangement  of 
epithelioid  cells  and  in  relation  of  cells  and  stroma,  but  the  proper- 
ties were  generally  preserved.  What  was  particularly  impressive  in 
this  type  of  the  tumor  were  the  frequent  large  mitoses  in  the  epithe- 
lioid cells. 

Rat  743  ((/ )  was  another  example  of  this  type  of  tumor,  which 
was  even  more  perfectly  adenomatous.  The  mass  was  several  centi- 
meters long,  oval  in  shape,  and  possessed  a  fibrous  capsule.  The 
cortical  layer,  still  living,  was  about  two  millimeters  in  thickness, 
while  the  central  part  was  necrotic  and  soft,  but  still  showed  small 
islands  of  living  tissue  about  the  capillary  and  larger  blood  vessels. 
There  was  little  or  no  stroma,  and  the  bulk  of  the  growth  consisted 
of  epithelioid  cells,  proliferating  very  rapidly  and,  therefore,  show- 
ing numerous  mitoses.  The  individual  cells  were  ill-defined,  but 
multinucleated  bands  and  rows  of  cells  had  been  produced.  At  the 
outermost  edge  of  the  tumor  the  epithelioid  cells  wxre  narrow  and 
often  linear,  but  further  inward  they  were  wider,  formed  oblong 
masses  and  frequently  showed  a  peripheral  circle  about  a  lumen. 
There  was  much  curving  and  bending  of  the  epithelioid  cells,  so 
that  acini  of  a  variety  of  shapes  were  produced.  In  the  islands  of 
tissue  left  preserved  about  the  vessels  in  the  interior,  a  tubular, 
acinous  arrangement  nearly  always  was  present  (Plate  X,  Fig.  19). 

To  illustrate  the  fluctuations  which  were  still  going  on  at  this 
period,  Rat  1280  (/)  of  the  ninth  generation  will  be  used  as  an 
example.  Besides  a  nodule  in  a  lymphatic  gland,  which  perforated 
the  capsule  and  grew  into  the  surrounding  areolar  tissue,  the  orig- 
inal nodule  was  composed  of  simple  alveoli  containing  pale  cells  and 
showing  numerous  mitoses.  The  amount  of  degeneration  was  not 
excessive,  and  no  tubules  or  acini  were  produced.  Two  other  points 
may  be  mentioned :  one  of  the  large  superficial  nerves  was  sur- 
rounded (Plate  X,  Fig.  20),  and  a  number  of  mammary  gland 
ducts  were  included  in  the  growing  tumor.  This  latter  condition 
was  by  no  means  uncommon  when  the  implantations  were  made  in 
the  region  of  the  mammary  glands  of   female  rats.     Frequently 
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these  duels  persisted  in  tlie  tumor  and  showed  little  change.  At 
other  times  their  proper  membranes  were  destroyed  and  the  ducts 
themselves  disintegrated.  Rat  2402  (o)  of  the  ninth  generation 
showed  a  lymphatic  metastasis  consisting  of  simple  alveoli  and  con- 
taining cysts,  r^rom  the  wall  of  one  such  cyst  an  outgrowth  of 
papillomatous  character  had  taken  place  (Plate  XI,  Fig.  21  j.  Ual 
2668  {q)  showed  a  combination  of  anastomosing  branching  cell- 
strands  and  small  solid  alveoli  filled  with  pale  cells  and  showing 
many  mitoses.  There  were  lung  nodules  composed  of  small  solid 
alveoli  of  more  irregular  size  than  the  air  vesicles,  indicating  that 
they  had  been  newly  formed.  A  new  formation  of  stroma  had 
taken  place,  and  irregular  giant  cells  of  the  megacaryocytic  type 
were  also  present  (Fig.  7).  A  considerable  rarity  was  the  occur- 
rence of  a  metastasis  in  the  w^all  of  a  vein;  and  another,  a  growth  in 
the  lumen  of  a  lymphatic  vessel  (Plate  XI,  Fig.  22). 

Rat  2805  (/)  of  the  tenth  generation  showed  a  local  lesion  of  the 
ordinary  alveolar  type  and  a  growth  into  the  kidney  extending  from 
the  cortex  to  the  pelvis  and  invading  the  renal  vein.  The  tubules 
had  as  usual  been  invaded  and  obliterated  before  the  glomeruli. 
The  tumor  passed  to  the  pelvis  and  came  to  lie  beneath  the  pelvic 
epithelium,  which  was  slowly  replaced,  but  before  the  replacement 
was  completed  the  epithelial  membrane  of  the  pelvis  had  undergone 
a  considerable  hypertrophy,  through  w^hich  it  was  increased  several 
times  in  thickness.  Ultimately  it  became  necrotic.  The  growth  of 
the  tumor  into  the  connective  tissue  of  the  pelvis  caused  it  to  sur- 
round the  arteries  and  veins.  The  former  escaped  invasion  and 
occlusion.  One  of  the  latter  was  invaded  and  became  thrombosed. 
Rat  1648  (a)  of  the  eleventh  generation  was  interesting  as  having 
shown  for  the  first  time  a  lymphatic  gland  metastasis  of  the  typical 
adenomatous  type,  although  there  were  still  combined  with  it  solid 
alveoli,  while  Rat  2253  (c)  showed  the  superficial  tumor  to  be  of 
the  soft;  pure  adenomatous  or  acinous  type.  (Plate  XI,  Fig.  23, 
Plate  XII,  Fig.  24,  Plate  XVI,  Photograph  6.) 

The  succeeding  generations  were  made  up  of  tumors  presenting 
chiefly  the  adenomatous  form,  but  now  and  again  there  still  appeared 
tumors  of  firmer  consistence,  containing  solid  alveoli  and  fibrous 
stroma,  so  that  up  to  the  present  time  the  typical  adenomatous  type 
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has  not  become  firmly  established.  Thus  Rat  3762  of  the  twenty- 
first  generation  ((/)  showed  a  nodule  the  size  of  a  pea  in  the  sub- 
cutaneous tissue,  composed  of  small  acini  which  were  located  chietly 
centrally,  and  small,  solid,  elongated  and  oval  alveoli  making  up  the 
larger  part  and  contained  within  a  fibrous  stroma.  All  the  cells 
were  pale  and  undergoing  rapid  mitosis.  The  stroma  was  remark- 
able for  its  vascularity.  At  the  extending  edge  the  reticulated  tissue 
contained  many  small  round  and  spindle  cells.  Rat  3855  of  the 
twenty-third  generation  (c)  presented  a  subcutaneous  nodule,  the 
central  part  of  which  was  of  typical  adenomatous,  and  the  cortical 
part  of  fibrous  and  small  alveolar  structure.  This  tumor  also  con- 
tained innumerable  mitoses.  The  adjacent  striped  muscle  w^as  being 
invaded  by  solid  cylinders  of  the  pale  cells,  which  were  breaking 
up  into  fragments  the  muscle  fibers  included  within  the  alveoli  or 
acini.  There  was  no  remarkable  increase  of  muscle  nuclei,  but  the 
morsels  of  muscular  tissue  w^ere  surrounded  by  epithelioid  cells  and 
were  undergoing  digestion,  although  they  were  not  included,  prop- 
erly speaking,  within  cells.  In  a  similar  manner  Rat  3983  of  the 
twenty-sixth  generation  (a)  showed  a  local  tumor  made  up  of  acini 
and  solid  alveoli,  which  was  invading  the  voluntary  muscle.  The 
cells  composing  the  tumor  at  the  point  of  junction  with  the  muscle 
exhibited  a  diffuse  alveolated  growth  in  which  the  distinction  between 
epithelioid  cells  and  stroma  was  indistinctly  marked.  On  the  other 
hand,  the  muscle  was  undergoing  the  same  form  of  fragmentation 
and  solution  as  has  been  just  described.  Rat  3901  of  the  twenty- 
fourth  generation  (r)  contained  a  subcutaneous  nodule,  which, 
while  considerably  degenerated,  was  an  excellent  example  of  a 
branching  or  papillary  adenomatous  tumor.  The  stroma  consisted 
of  a  delicate  fibrous  tissue  arranged  in  folds  and  projections,  show- 
ing secondary  branching,  which  were  everywhere  covered  with  a 
layer  of  cells,  one  or  more  in  thickness,  of  the  epithelioid  type,  and 
sometimes  of  columnar  form.  At  the  periphery  of  the  nodule  next  to 
the  capsule,  the  branching  was  less  obvious,  w^hile  acini  of  the  typical 
form  were  present.  Specimens  of  this  tumor  stained  by  Mallory's 
phosphotungstic  acid  method  showed  extremely  well  the  differentia- 
tion between  stroma  and  large  cells,  and  brought  out  strikingly  the 
branching  character  of  the  large  papilliferous  alveoli.     Rat  3917  of 
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the  twenty- fourth  i^cncM-ation  (d)  presented  another  example  of  the 
branching;-  papillomatous  tuuior.  hi  this  iustauce  the  stroma  formed 
merely  a  small  part  of  the  mass  of  the  tumor,  so  that  by  far  the 
i^reater  part  was  composed  of  epithelioid  cells.  It  was  towards  the 
center  of  the  mass,  where  the  de^^eneration  was  advanced,  that  the 
papillomat(nis  character  was  especially  pronounced,  while  in  the 
periphery  the  branching  was  more  confined,  and  large  solid  alveoli, 
as  well  as  smaller  acini,  were  produced.  Towards  the  center  the 
islands  of  epithelium  were  preserved,  in  the  midst  of  a  soft  degen- 
eration, but  these  preserved  cells  in  all  cases  surrounded  the  small 
vessels,  the  lumina  of  which  were  open.  Everywhere  in  tlie  tumor, 
and  even  in  the  islands  mentioned,  mitosis  was  going  on  most  actively. 
Rat  3925,  twenty-fourth  generation  (c),  was  an  example  of  a  sub- 
cutaneous tumor  much  degenerated,  showing  both  simple  acini  and 
simple  solid  alveoli,  and  transitions  of  one  to  the  other.  Rat  3970, 
twenty-fifth  generation,  showed  a  subcutaneous  nodule  composed 
partly  of  acini  and  partly  of  solid  alveoli,  both  containing  pale  cells. 
The  lung  of  this  rat  contained  a  large  nodule.  This  was  necrotic 
with  the  exception  of  the  extending  edge,  which  passed  without 
sharp  demarcation  into  the  adjacent  congested  lung  tissue.  The 
extension  was  made  by  means  of  blunt,  solid  outgrowths  of  the  main 
tumor  mass  into  the  adjacent  air  vesicles,  and  there  was  an  abun- 
dant increase  in  the  interstitial  tissue  of  the  lung.  The  diffuse  char- 
acter of  the  proliferation  made  it  somewhat  difficult  to  determine 
the  tumor  nature  of  the  nodule.  Rat  4080  of  the  twenty-eighth 
generation  (c)  showed  a  circumscribed  pulmonary  metastasis  com- 
posed of  pale  cells  occupying  the  pulmonary  alveoli  and  completely 
filling  them.  There  were  local  areas  of  degeneration  just  begin- 
ning, with  emigration  of  leucocytes  and  fragmentation  of  nuclei, 
but  there  was  absence  of  typical  acinous  arrangement. 

INTRA-TESTICULAR    INOCULATION    AND    RETROGRESSION. 

In  the  course  of  the  inoculations  several  attempts  were  made  to 
produce  intra-testicular  grow'ths,  with  the  idea  of  causing  a  general 
lymphatic  dissemination  of  the  peritoneum  through  that  means.  In 
all  the  experiments  except  one  the  result  was  a  circumscribed  necrosis 
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of  the  testicle,  with  more  or  less  nevv^  formation  of  fibrous  tissue, 
but  no  tumor  growth.  In  one  experiment  tumor  nodules  were  pro- 
duced. This  was  in  the  eighth  generation.  The  plan  was  to  make 
emulsions  of  the  tumor  in  salt  solution  and  to  inject  them  into  the 
testicle.  In  the  successful  experiment  two  rats  developed  tumor 
nodules  the  size  of  small  shot,  just  beneath  the  tunica  of  the  testis 
and  penetrating  between  the  tubules.  It  was  onl\'  in  the  periphery 
of  the  nodule  that  preserved,  multiplying  tumor  cells,  lying  in  a 
fibrous  stroma,  were  observed.  The  centers  even  of  these  small 
nodules  were  necrotic,  and  consisted  partly  of  degenerated  tubular 
elements.     There  was  no  dissemination  of  the  tumors. 

Attention  has  repeatedly  been  drawn  to  examplesof  tumors  which 
showed  an  unusual  amount  of  fibrous  tissue.  Fibrous  tissue  is  pro- 
duced in  two  ways :  ( i )  It  is  constantly  produced  at  the  edge  of  the 
growing  tumors,  in  the  course  of  the  formation  of  the  stroma  and 
the  capsule.  It,  however,  is  also  produced  in  the  interior,  as  a 
result  of  degeneration  of  the  epithelioid  elements.  In  growing 
tumors  the  central  fibrosis  comes  to  be  quickly  associated  with  coag- 
ulative  necrosis  of  the  tumor,  which  affects  first  the  remains  of  the 
epithelioid  cells  and  next  the  fibrous  tissue.  Much  of  this  fibrous 
tissue  is  hyalin  in  structure,  so  that  its  true  character  may  be  more 
or  less  masked.  (2)  The  second  set  of  conditions  producing  fibrous 
transformation  of  the  tumor  is  the  one  which  we  wish  especially 
to  refer  to  in  this  place.  It  occurs  in  the  course  of  the  retrogression 
of  the  tumors,  and  consequently  is  found  in  small  as  well  as  in  larger 
nodules.  In  these  cases  the  fibrosis  tends  to  be  unassociated  w'ith 
the  coagulative  necrosis.  The  fibrillation  of  the  tissue  also  appears 
to  be  preserved  and  the  epithelioid  elements  to  be  contained  in  con- 
tracted, narrow,  often  linear  spaces  within  the  tissue.  The  number 
of  these  cells  is  greatly  reduced,  being  smallest  in  the  central  parts 
where  the  fibrosis  is  oldest.  By  compression  they  are  eventually 
entirely  destroyed  through  atrophy,  in  the  course  of  which  the  nuclei 
become  contracted  and  pyknotic,  and  the  protoplasm,  which  takes 
on  a  deeper  eosin-staining  than  it  does  normally,  is  reduced  to  a 
mere  rim.  It  is  the  peripheral  portion  which  contains  the  least 
fibrous  tissue  and  the  most  epithelioid  cells,  but  there  is  a  striking 
absence  of  mitosis.     Briefly  expressed,  retrogression  is  associated 
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w  illi  an  increased  llhrosis,  a  reduced  mitosis,  and  a  <4"radual  and  ulli- 
matelv  complete  slninkap^c  of  the  tumor.  The  removal  is  not, 
apparently,  through  the  action  of  leucocytes.  At  least,  there  does 
not  go  on  any  gross  destruction  by  means  of  these  cells.  In  the  end 
the  fibrous  tissue  is  as  completely  removed  as  the  epithelioid  ele- 
ments, and  nothing  remains  in  the  local  tissues  to  show  the  presence, 
at  a  previous  time,  of  the  tumor. 

THE  ELEMENTS   FROM   WHICH   THE  TUMORS  ARE  DERIVED. 

In  order  to  determine  roughly  the  elements  upon  which  successful 
implantation  of  the  tumor  depended,  several  methods  were  em- 
ployed, the  results  of  which  can  be  summarized  briefly. 

Emulsions  of  the  tumor  prepared  in  salt  solution  were  filtered 
through  unglazed  porcelain,  and  the  filtrate  injected  into  the  abdom- 
inal cavity-and  beneath  the  skin  of  the  rat.  In  no  case  did  a  tumor 
develop. 

Emulsions  of  the  tumor  in  salt  solution  were  filtered  through 
sterile  filter  paper  and  injected  into  rats  in  the  same  manner,  but  in 
no  case  did  a  tumor  develop. 

Emulsions  of  the  tumor  in  salt  solution  were  passed  merely 
through  sterile  gauze,  and  the  fluid,  carrying  minute  fragments  of 
the  tumor,  was  injected  in  the  same  manner  into  other  rats,  but 
never  gave  rise  to  tumors.  On  the  other  hand,  it  has  been  proven 
that  similar  small  fragments  of  the  tumor,  when  not  injured  by  the 
medium  in  which  they  are  suspended,  can  give  rise  to  the  production 
of  tumors.  This  has  been  shown  by  the  successful  results  of  the 
inoculations  of  ascitic  fluid  containing  microscopic  masses  of  tumor 
cells  (see  page  21). 

With  a  view  of  excluding,  or,  indeed,  of  confirming  the  presence 
of  microscopic  organisms  in  the  tumor,  sections  of  young  growing 
tumors  were  stained  with  all  the  usual  aniline  dyes  in  the  various 
ways  employed  to  show  bacteria  or  protozoa,  were  impregnated  with 
silver  nitrate  according  to  Levaditi's  method  of  staining  spirochsetce, 
and  were  examined  in  the  fresh  condition  with  the  ordinary  high 
powers  of  the  microscope  and  with  the  special  apparatus  for  dark 
field  illumination,  but  nothing  was  ever  seen  that  was  suggestive  of 
any  other  structure  than  the  proper  cellular  elements  of  the  tumor. 
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Aerobic  and  anaerobic  cultures  were  made  from  young  undegen- 
erated  and  older  degenerated  tumors,  but  they  never  yielded  any 
growth  of  bacteria. 

THE  ACTIOX  OF  PHOTO-DYNAMIC  SUBSTANCES  ON  THE  TUMOR. 

Experiments  showed  that  when  bits  of  the  tumor  of  some  size 
were  kept  immersed  for  a  brief  period  in  physiological  salt  solution, 
tumors  could  still  be  reared  from  them,  but  they  also  showed  that 
the  minute  fragments  which  would  pass  through  the  meshes  of  ordi- 
nary gauze  were  no  longer  able  to  yield  tumors  when  exposed  to  the 
action  of  this  solution.  The  failure  in  the  latter  experiments  was 
attributed  to  the  poisonous  effects  of  the  sodium  chloride;  and  it 
was  proved  that  Ringer's  solution,  in  which  these  poisonous  effects 
are  balanced  by  the  use  of  the  calcium,  was  less  injurious  to  the 
tumor  than  salt  solution  alone.  A  better,  because  less  injurious, 
fluid  for  suspending  the  tumor  proved  to  be  rat  serum  heated  to  54° 
C,  but  in  making  the  transplantations  the  fragments  of  tumor  w^hich 
were  introduced  were  not  permitted  to  come  into  contact  with  any 
extraneous  fluid  whatexer.  In  this  way  the  best  results  were 
obtained. 

An  effort  was  made  to  influence  the  growth,  persistence  and 
transplantability  of  the  tumor  through  the  action  of  photodynamic 
agents.  We  believed  at  one  time  that  we  had  secured  such  an  action 
by  means  of  eosin  and  Bengal  red,  but  later  study  of  the  action  of 
these  elements  led  us  to  the  conclusion  that  the  early  results  which 
we  had  obtained  and  supposed  to  be  due  to  the  action  of  the  photo- 
dynamic  anilines  was  attributable  to  other  causes.  We  shall  give 
a  table  illustrating  the  irregularity  of  the  results  of  transplantation 
of  a  single  specimen  of  the  tumor,  illustrating  particularly  the  great 
variation  in  the  number  of  retrogressions  taking  place  in  a  series. 
The  method  was  to  expose  minute  fragments  of  the  tumor  to  the 
action  of  the  various  solutions  given  in  the  table.  It  was  intended 
that  the  exposure  should  be  one  hour,  but  the  large  number  of 
animals  to  be  inoculated  required  that  the  exposure  extend  from  one 
to  three  hours,  since  a  part  of  the  inoculations  were  not  completed 
until  the  expiration  of  that  time.  However,  the  light  exposures 
were  all  limited  to  one  hour. 
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No. 

Tumors,  Per  Cent, 

Retrogressions,  Per  Cent. 

Controls 

lO 

lo  or 

loo 

3  or 

30 

NnCl  :   li^ht 

lO 

lo  or 

100 

3  or 

30 

NaCl  :  dark 

lO 

10  or 

lOO 

4  or 

40 

NaCl  eosin  i-iooo  :   light 

lO 

9  or 

90 

3  or 

33 

NaCl  eosin  i-iooo  :  dark 

lO 

9  or 

90 

8  or 

88 

NaCl  Henj^al  i-iooo  :  liglit 

lO 

lo  or 

100 

10  or 

100 

NaCl  Hcnj^'al  i-iooo  :   dark 

9 

8  or 

88 

I    or 

12.5 

Ringer's  :   light 

lO 

7  or 

70 

6  or 

85.7 

Ringer's  :  dark 

lO 

9  or 

90 

2  or 

22 

Ringer's  eosin  i-iooo  :   light 

lO 

lo  or 

100 

3  or 

30 

Ringer's  eosin  i-iooo  :  dark 

9 

9  or 

100 

3  or 

33 

Ringer's  Bengal  i-iooo  :  light 

9 

9  or 

100 

2  or 

22 

Ringer's  Bengal  i-iooo  :  dark 

10 

9  or 

90 

2  or 

22 

Serum  :   light 

10 

lo  or 

loo 

2  or 

20 

Serum  :  dark 

7 

7  or 

100 

2  or 

28 

Serum  eosin  i-iooo  :  light 

lO 

lo  or 

100 

5  or 

50 

Serum  eosin  i-iooo  :  dark 

10 

lo  or 

100 

4  or 

40 

Serum  Bengal  l-iooo  :  light 

10 

9  or 

90 

I   or 

II 

Serum  Bengal  l-iooo  :  dark 

lO 

8  or 

80 

5  or 

62 

An  explanation  of  the  table  brings  out  the  fact  that  the  tumor 
under  the  influence  of  the  anilines  tends  to  give  a  larger  number  of 
retrogressions  than  in  the  absence  of  the  anilines,  and  also  that  expo- 
sure to  sunlight  for  one  hour  is  possibly  to  some  small  extent  inju- 
rious, but  no  general  deductions  can  be  made  from  the  experiment, 
and  we  publish  this  final  table  in  order  to  set  ourselves  right  on  this 
point. 


MODE  OF  DEVELOPMENT  OF  THE  TRANSPLANTED  TUMOR. 

Leo  Loeb,  and  later  Bash  ford,  and  since  then  others,  have  made 
careful  observations  on  the  manner  of  development  of  the  trans- 
planted fragments  of  tumors.  We  have  ourselves  studied  the  man- 
ner in  which  the  fragments  of  this  tumor  undergo  development  in  a 
new  animal.  Indeed,  we  have  studied  the  changes  in  the  trans- 
planted fragments  which  occur  not  only  in  the  rat  but  also  in  the 
mouse  and  the  guinea-pig.  We  owe  to  Ehrlich  the  important  obser- 
vation that  a  tumor  fragment  introduced  into  a  species  from  which 
it  was  not  developed,  as  from  a  mouse  into  a  rat,  would  undergo  a 
limited  development  in  the  new  species,  but  would  never  attain  a 
considerable  size  or  become  organically  attached  to  the  individual 
of  the  new  species,  or  be  transplantable  from  one  to  another  of  this 
new  species.     On  the  other  hand,  such  living  fragments  can  be 
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transferred  successfully  at  some  periods  from  the  new  to  the  original 
species,  and  then  be  transplanted  further. 

We  have  found  in  common  with  Loeb  and  Bashford  that  the 
greater  part  of  the  tissue  transplanted  undergoes  necrosis,  and  that 
the  new  tumor  is  produced  from  a  small  number  of  surviving  cells. 
Our  observations  were  made  with  the  usual  fragments  transplanted 
by  us  and  also  with  a  somewhat  finer  emulsion  (made  by  commi- 
nuting the  living  cortical  parts  of  the  tumor  by  means  of  a  Haaland 
grinder)  deposited  beneath  the  skin  in  the  region  of  the  axilla.  A 
series  of  rats,  mice  and  guinea-pigs  were  inoculated  on  the  same  day 
with  fragments  and  emulsion  from  one  source.  They  were  chloro- 
formed at  intervals  of  twenty-four  hours ;  the  implanted  tumor  with 
the  surrounding  tissue  was  removed,  preserved  and  hardened  in 
Zenker's  fluid,  and  sections  stained  in  hematoxylin,  eosin  and  iron- 
hematoxylin  were  prepared. 

FRAGMENTS    IN    THE    RAT. 

The  fragments  of  tissue  in  the  emulsions  were  several  times 
smaller  than  the  morsels  which  were  introduced  by  means  of  the 
inoculating  needle;  fewer  of  them  survived,  and  their  development 
was  on  the  whole  much  less  rapid.  The  essential  process  of  growth 
was,  however,  identical  in  the  two  series. 

At  the  end  of  twenty-four  hours  considerable  portions  of  the 
transplanted  tissue  fragments  had  become  necrotic.  The  tissue  of 
the  fragments,  excepting  the  surviving  cells,  to  be  described,  pre- 
sented appearances  similar  to  those  which  tissue  permitted  to  undergo 
autolysis  at  the  body  temperature  outside  the  body  would  be  expected 
to  show\  The  interstitial  tissue  showed  few^  deformed  and  frag- 
mented nuclei;  the  fibers  were  indistinct  and  more  or  less  fused 
together;  and  the  epithelioid  cells  occupying  small  spaces  in  the  latter 
tissue  were  shriveled,  with  irregular  outline,  the  protoplasm  staining 
deeply  in  eosin,  the  nuclei  of  irregular  form  and  unequal  staining 
powers,  and  in  process  of  disintegration.  The  fragments  were 
everywhere,  as  was  to  be  expected,  surrounded  by  a  fibrinous  and 
leucocytic  exudate,  and  a  certain  number  of  leucocytes  had  pene- 
trated within  them.     Within  certain  of  the  fragments  a  number  of 
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epilhelioid  cells  had  survived.  These  cells  might  be  at  the  periphery 
or  ihcy  nii^ht  he  in  the  interior  of  the  fragments,  sometimes  single 
and  sometimes  several  in  a  given  sj)ace.  They  differed  greatly  from 
the  degenerating  and  disintegrating  cells,  particularly  in  respect  to 
the  behavior  of  their  nuclei,  which  retained  the  normal  form  and 
distribution  of  chromatin,  although  in  point  of  intensity  of  staining 
they  tended  t(^  be  hypochromatic.  For  the  most  part  the  cells 
appeared  merely  to  be  survivals,  but  now  and  again  nuclear  changes 
suggestive  of  mitosis  were  met  with.  However,  in  view  of  the  fact 
that  the  chromatic  filaments  were  somewhat  irregular  in  thickness 
and  arrangement,  it  cannot  be  said  that  those  changes  actually  led 
to  cell  multiplication  at  this  early  period.  It  should  be  mentioned 
that  in  some  fragments  the  old  blood  vessels  still  remained  morpho- 
logically unchanged  at  the  end  of  this  period. 

At  the  expiration  of  forty-eight  hours  the  effects  of  the  trans- 
plantation were  still  more  obvious.  The  stroma  and  the  greater 
part  of  the  epithelioid  cells  and  the  blood  vessels  in  the  transplanted 
morsels  had  all  progressed  still  further  in  respect  to  the  disinte- 
grative changes.  On  the  other  hand,  the  surviving  epithelioid  cells 
had,  either  by  contrast  or  actuality,  become  more  sharply  demarcated 
from  the  surrounding  elements.  Where  they  were  contained  within 
the  interior  of  the  fragments,  their  number  had  not  greatly  increased, 
although  apparently  there  had  already  been  some  increase  in  num- 
ber; the  nuclei  had  become  richer  in  chromatin,  the  surrounding 
protoplasm  clearly  outlined,  and  mitosis  had  not  only  become  more 
frequent  than  in  the  twenty-four  hour  period,  but  the  chromatin 
filaments  presented  a  regular  arrangement  and  uniform  thickness 
suggestive  of  normal  mitosis.  At  the  periphery  of  some  of  the 
fragments  the  epithelioid  cells  had  clearly  multiplied,  so  that  they 
had  come  to  form  a  superficial  layer,  one,  two  or  three  cells  deep  in 
some  places.  These  cells  lay  in  contact  with  the  inflammatory  exu- 
date, and  some  of  them  apparently  had  wandered  into  the  exudate. 
Mitoses  also  occurred  in  them,  and  even  in  separated  cells  surrounded 
by  the  exudate.  Thus  far  no  organic  connections  had  taken  place 
between  the  fragments  and  the  surrounding  tissue,  although  in  the 
latter  an  active  prohferation  and  new  formation  of  capillaries  had 
begun.     On  the  other  hand,  elongated  cells  of  fibroblastic  or  angio- 
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blastic  nature  had  begun  to  enter  the  fragments  at  tlie  periphery, 
adjoining  the  host  tissues. 

After  three  days  the  conditions  had  altered  greatly.  The  frag- 
ments had  not  increased  perceptibly  in  size,  but  those  lying  adjacent 
to  the  host  tissues  had  become  attached  through  capillary  connec- 
tions with  the  tissues  of  the  living  animal.  The  capillaries  had 
pushed  in  various  directions  and  some  of  considerable  size  had 
already  formed  channels  in  the  interior.  The  medium  in  which 
they  lay  was  apparently  nothing  else  than  the  degenerated  original 
stroma,  and  there  had  been  no  unmistakable  restoration  of  living 
interstitial  cells.  All  the  cells  which  had  wandered  in  were  in  con- 
nection apparently  with  the  capillaries.  On  the  other  hand,  the 
epithelioid  cells  had  increased  greatly,  mitosis  having  gone  on  rap- 
idly. The  cells  now  formed  small  groups  chiefly,  although  some- 
times single  ones  were  separated  from  the  others.  The  active  changes 
in  the  vascularized  fragments  were  greatly  in  advance  of  those  not 
already  vascularized.  Moreover,  those  fragments  or  portions  of 
fragments  in  which  the  epithelioid  cells  had  not  begun  to  multiply, 
nor  the  capillaries  to  penetrate,  had  by  this  time  been  invaded  with 
large  numbers  of  leucocytes,  which  were  softening  and  dissolving 
the  necrotic  tissue.  Finally,  in  certain  fragments  there  had  ap- 
parently been  beginning  multiplication  of  the  epithelioid  cells,  which 
had  not  become  vascularized,  and  which  were  undergoing  a  secon- 
dary degeneration  and  death. 

At  the  end  of  the  fourth  day  the  conditions  in  the  vascularized 
peripheral  fragments  represented  merely  progression  of  the  third. 
In  other  words,  the  vascularity  having  increased,  these  fragments 
were  now  entirely  occupied  by  capillary  vessels  and  proliferated 
epithelioid  cells,  while  the  fragments  which  were  more  interior  were 
less  advanced  in  this  condition,  and  might  show  mitosis  of  epithe- 
lioid cells  still  going  on,  although  no  capillaries  were  yet  visible  in 
the  stroma,  which  was  quite  completely  necrotic.  At  the  same  time, 
occasional  islands  of  epithelioid  cells  remained  alive  and  were  pro- 
liferating slowly. 

The  subsequent  progress  was  rapid.  The  groups  of  epithelioid 
cells  continued  to  increase  in  number  and  to  expand  in  size,  and 
coincidentallv  a  fibrillated  tissue  appeared  between  them  and  the 
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capillaries.  Al  tlic  end  of  seven  days  llie  fragments  had  become 
completely  vascularized,  all  of  the  e\  idences  of  acute  inflammation 
had  disapi)eared,  the  xolunie  of  the  fragments  had  increased  several 
fold,  and  thev  had  formed  an  indissoluble  union  with  the  tissues  of 
the  host.  At  the  junction  of  the  two,  a  small-cell  granulation  tissue 
formed  a  sort  of  capsule.  The  positions  of  the  original  fragment 
could  still  be  made  out  through  the  remains  of  a  central,  ])aler,  par- 
tially degenerated,  and  not  completely  substituted  mass  of  epithelioid 
cells  and  young  capillaries,  with  here  and  there  polynuclear  leuco- 
cytes and  beginning  fibrillated  tissue.  What  was  particularly  strik- 
ing was  the  close  union  of  the  epithelioid  cells  and  the  young  con- 
nective tissue.  This  union  was  so  close  that  alveolation  in  the 
proper  sense  of  the  term  could  not  be  spoken  of.  In  addition,  there 
occurred  not  infrecjuently  multinucleated  protoplasmic  masses  giving 
rise  to  giant  cells  and  large  single  cells  with  giant  nuclei. 

By  the  ninth  day  the  differentiation  between  the  fibrous  stroma 
and  the  epithelioid  elements  had  progressed  so  far  that  as  the  con- 
nective tissue  became  more  fibrous  it  left  the  epithelial  cells  more 
sharply  demarcated.  On  the  eleventh  day  this  demarcation  was 
still  more  pronounced,  although  the  condition  was  not  as  yet  one 
of  definite  alveolation.  At  this  time  the  remains  of  the  original 
fragment  occupying  the  central  portion  of  the  enlarged  nodule  was 
still  evident.  It  consisted  of  a  hyalin  mass  enclosing  small  groups 
or  single  epithelioid  cells  not  in  the  best  state  of  preservation.  On 
the  fourteenth  day  the  nodule  was  still  further  increased  in  size,  the 
connective  tissue  had  become  more  pronouncedly  fibrous,  but  the 
epithelioid  cells  wxre  not  so  strictly  confined  as  to  produce  a  typical 
alveolated  structure.  On  the  other  hand,  on  the  fifteenth  day  the 
fragment  was  quite  characteristically  alveolated.^  The  connective 
tissue  now  formed  a  definite  fibrous  stroma  enclosing  alveoli,  chiefly 
solid  but  sometimes  presenting  spaces  and,  therefore,  acinous,  of 
epithelioid  cells,  which  were  multiplying  rapidly  by  mitosis.  These 
alveoli  were  shown,  especially  in  the  preparations  stained  wdth  iron- 
hematoxalin,  to  be  of  irregular  size  and  form  and  e\'ery where  inter- 
sected by  the  fibrous  stroma.     In  that  respect  at  this  period  the 

^  This  change  is  one  of  degree  only  and  would  doubtless  vary  in  different 
experiments. 
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alveolation  was  not  by  any  means  so  regular  as  was  found  in  some 
later  nodules  and  as  is  the  rule  in  simple  carcinoma  in  man. 

FRAGMENTS  IN  THE  MOUSE. 

The  results  of  the  introduction  of  fragments  of  the  tumor  under 
the  skin  of  the  mouse  were  in  many  respects,  for  the  early  period, 
similar  to  those  in  the  rat.  The  first  effect  was,  of  course,  a  cer- 
tain amount  of  inflammatory  exudation,  but  this  amount  was  not 
greater  than  that  which  took  place  in  the  rat.  The  changes  in  the 
fragments  were  also  similar,  which  is  to  say  that  the  greater  part 
of  the  tissue  composing  them  degenerated.  But  what  remained 
alive  at  the  end  of  twenty- four  hours  was  a  certain  number  of 
epithelioid  cells  on  the  surface  or  in  the  interior  of  the  fragment. 
At  the  end  of  the  first  twenty- four  hour  period  mitosis  had  not 
been  noticed  in  the  host  cells,  but  the  stroma  and  many  of  the 
epithelioid  cells  were  in  a  state  of  complete  necrosis,  and  the 
resistant  epithelioid  cells  had  begun  to  show  mitosis.  The  forma- 
tion of  angioblasts  and  the  organic  connection  with  the  mouse  of 
the  fragments  also  occurred  on  the  third  day,  at  which  time  there 
had  been  a  great  proliferation  by  mitosis  of  the  epithelioid  cells, 
particularly  those  lying  immediately  next  to  the  tissues  of  the  mouse, 
which  were  united  to  the  fragments,  although  the  mitosis  v\as  not 
limited  to  those  cells.  The  increase  in  the  epithelioid  cells  on  the 
fifth  day  was  considerable,  and  they  formed  groups  within  the 
homogeneous  residue  of  the  stroma,  which  w^as  now  in  process  of 
invasion  by  capillaries.  On  the  seventh  day  the  new  vessels  had 
penetrated  deeply  into  the  fragment ;  there  was  a  striking  hyperemia, 
and  the  epithelioid  cells  were  still  in  process  of  multiplication.  On 
the  eleventh  day  the  healing  process  was  still  more  advanced,  but 
remains  of  the  epithelioid  cells,  which  were,  however,  inactive,  were 
still  present.  On  the  fifteenth  day  the  vascularization  was  still 
more  advanced,  and  had  reached  almost  to  the  center  of  the  frag- 
ments, which  were  occupied  by  masses  of  leucocytes  undergoing 
fragmentation,  but  the  specimens  showed  that  multiplication  by 
mitosis  was  still  going  on  actively  in  the  epithelioid  cells,  especially 
in  the  vicinitv  of  the  tissues  of  the  host.     The  absence,  therefore, 
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of  active  mitosis  in  the  two  previous  ])eri(Kls  was  tlie  result  not  of 
the  exhaustion  of  the  tissue  but  of  accidental  circumstances  in  con- 
nection with  tlie  transplanted  fragments.  Althouj^di  the  latest 
period  in  which  active  mitosis  was  discovered  in  the  frai^mcnts 
transplanted  to  the  mouse  was  fifteen  days,  the  large  number  of 
them  contained  in  one  series  of  specimens  of  that  period  indicates 
than  they  might  still  be  found  under  favorable  circumstances  even  at 
a  later  period. 

We  have  transferred  fragments  which  ha\e  remained  in  the 
mouse  for  different  periods  back  to  the  rat  and  have  succeeded  in 
rearing  these  fragments  as  late  as  eight  days  after  their  implanta- 
tion in  the  mouse. 

FRAGMENTS  IN  THE  GUINEA-PIG. 

Fragments  transplanted  to  the  guinea-pig  aroused  a  somewhat 
greater  inflammatory  reaction  and  exudation  than  in  the  other 
animals  mentioned.  The  changes  which  took  place  in  tlie  trans- 
planted fragments  did  not  differ  essentially  from  those  already 
described.  While  the  great  mass  of  the  tissue  died  and  showxd  the 
changes  of  autolysis,  groups  of  epithelioid  cells  in  the  interior  or 
near  the  surface  survived.  At  the  end  of  the  first  twenty-four  hour 
period  these  surviving  cells  were  still  quiescent,  while  at  the  end  of 
forty-eight  hours  they  had  changed  significantly :  they  had  become 
sharply  demarcated  from  the  rest  of  the  tissue,  w^ere  more  numerous 
than  they  had  been  in  the  previous  twenty-four  hours,  and  were 
showing  active  mitotic  division.  Indeed,  this  activity  was  more 
marked  than  it  had  been  under  similar  circumstances,  either  in  the 
rat  or  the  mouse.  The  multiplication  was  taking  place  in  the 
interior  of  the  fragments,  as  well  as  on  the  surface.  At  the  latter 
situation  the  new  cells  had  already  formed  a  layer  several  deep. 
There  was  still  activity,  but  it  was  less  in  these  cells  at  the  end 
of  the  third  day,  at  which  time  there  were  fewer  organic  connections 
with  the  host  than  had  been  noted  in  the  otlier  animals,  and  many 
fewer  new  blood  vessels  had  formed.  On  the  seventh  day  the 
vascularization  was  well  advanced,  but  not  equally  about  all  the 
fragments.     About   some  the  exudation  was  very  great  and  had 
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penetrated  into  tlie  interior.  Karyokinesis  was,  however,  still  going 
on  in  the  epithelioid  cells,  although  not  actively,  and  particularly 
at  the  periphery  of  the  fragments.  The  epithelioid  cells  in  the 
interior  were  reduced  in  numbers,  and  were  degenerating.  On  the 
ninth  day  the  fragments  had  been  greatly  reduced  in  size  and  had 
become  much  more  disintegrated,  so  that  the  demarcation  of  the 
epithelioid  cells  was  uncertain. 

SUMMARY. 

The  rat  tumor  described  is  to  be  regarded  probably  as  an  em- 
bryoma  located  in  the  seminal  vesicle,  from  whose  histological  ele- 
ments it  was  partially  derived. 

Originally  the  tumor  was  composed  apparently  of  a  simple  tissue 
of  imperfectly  organized  structtire,  but  containing  certain  glandular 
elements  derived  in  part  from  the  seminal  vesicle  and  in  part  from 
other  included  epithelial  organs. 

The  included  glandular  elements  had  already  undergone  in  the 
original  tumor  a  carcinomatous  development,  although  the  carcin- 
omatous moiety  was  not  disseminated  throughout  the  mass,  but  was 
confined  to  portions  near  its  peripheral  boundary,  adjacent  to  the 
wall  of  the  vesicle. 

In  the  course  of  transplantation  the  simple  and  imperfectly 
organized  structure  of  the  tumor  became  substituted  by  a  more 
complex  and  perfectly  organized  tissue,  which  bore  resemblance  to 
simple  alveolar  carcinoma. 

The  tumor  at  this  time  not  only  developed  in  the  subcutaneous 
and  intra-muscular  tissue  and  the  abdominal  cavity,  according  as 
the  grafts  were  made,  but  it  gave  rise  to  metastases  through  the 
blood  current  in  the  lungs  and  kidneys. 

In  the  fifth  generation  the  simple  carcinomatous  structure  began 
to  be  replaced  by  a  tissue  resembling  adeno-carcinoma,  and  coin- 
cidentally  metastases  appeared  in  the  superficial  and  rarely  in  the 
deeper,  distant  lymphatic  glands. 

The  adeno-carcinomatous  form  of  structure  became  progressively 
more  established  in  the  succeeding  generations,  in  process  of  which 
the  stroma  of  the  tumor  changed  to  a  delicate  fibrillated  tissue  sup- 
porting the  acini,  and  differing  materially  from  the  rich  fibrous 
stroma  that  usually  supported  the  simple  alveoli. 
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The  tumor  liad  not  become  estal)lishe(l  as  an  adeno-carcinoma  of 
the  pure  type  by  the  twenty-eighth  generation,  at  wliich  time  simple 
aheoh  still  appeared,  but  the  stroma  of  the  tumors  Ijearing 
the  latter  structure  was  relatively  delicate,  and  the  consistence  of  the 
tumors  relatively  soft,  in  contradistinction  to  the  earlier  type,  which 
was  nnich  firmer. 

The  degenerating  tumors  of  the  earlier  type  showed  much  fibrous 
tissue  of  a  hyalin  quality,  while  those  of  the  later  type  showed 
coagulative  necrosis  of  a  soft  quality. 

The  metastases  partook  more  of  the  nature  of  simple  carcinoma 
than  of  adeno-carcinoma,  even  in  the  later  type.  The  tumor  cells 
composing  the  metastases  tended  to  be  substituted  for  the  epithelial 
cells  of  the  lungs  and  kidneys  and  the  lymphoid  cells  of  the  lym- 
phatic glands,  and  merely  to  occupy  the  already  prepared  stroma 
of  these  organs.  Hence  the  structure  of  the  organs  in  the  metas- 
tases was  not  greatly  disturbed.  When  a  metastasis  appeared 
in  the  pleural  membrane,  in  wdiich  fibrous  tissue  was  readily  pro- 
duced, the  acinous  type  of  tumor  tended  to  appear,  and  in  the  course 
of  the  invasion  of  the  cardiac  muscle  and  other  solid  tissues,  acini 
also  tended  to  be  produced. 

The  tumor  presented  a  high  degree  of  invasive  power,  and  its 
grow'th  was  not  interrupted  by  muscle,  fascia,  bone  or  cartilage. 

The  dilated  esophageal  extremity  of  the  stomach  tended  to  become 
invaded.  When  the  tumor  reached  the  mucous  membrane,  ulcers 
developed,  and  implantation  to  the  opposite  surface  of  the  mucosa 
sometimes  occurred. 

The  retrogression  of  the  growing  tumors  w^as  accomplished 
through  atrophy  and  degeneration  of  the  epithelioid  cells  contained 
in  the  tumor  and  an  increasing  degree  of  fibrosis  of  the  stroma. 
Ultimately  all  parts  of  the  tumor  disappeared  completely.  Nothing 
was  discovered  to  indicate  that  the  metastases  ever  underwent 
changes  of  the  nature  of  those  leading  to  retrogression  of  the 
superficial  nodules. 

Although  the  metastases  were  such  as  were  produced  chiefly 
through  the  blood  current,  it  was  most  rare  to  find  masses  of  tumor 
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cells  in  the  blood  vessels,  unless  they  had  penetrated  them  second- 
arily from  without.^ 

The  manner  of  development  of  the  fragments  of  the  transplanted 
tumor  showed  the  large  epithelioid  cells  to  be  the  proper  elements  of 
the  tumor.  All  other  tissue  elements  succimibed,  and  the  reproduc- 
tion of  the  tumor  depended  upon  the  proliferation  by  mitosis  of 
these  cells,  the  stroma  for  which  was  supplied  by  the  tissues  of  the 
new  host. 

There  was  no  essential  difference  in  the  manner  of  survival  of 
grafts  introduced  into  rats,  mice  and  guinea-pigs,  except  that  in 
the  last  two  species  the  process  of  multiplication  of  the  epithelioid 
cells  came  to  an  end  in  a  few  days,  in  spite  of  the  vascularization 
of  the  transplanted  fragments,  which  at  first  promoted  proliferation. 

The  number  and  location  of  fragments  surviving  in  the  rats 
depended  in  part  on  the  rapidity  and  degree  with  which  the  vas- 
cularization took  place.  The  first  stages  of  proliferation  did  not 
depend  upon  the  vascularization,  but  unless  new  vessels  had  entered 
the  fragments  by  the  third  day,  the  epithelioid  cells  already  produced 
tended  to  degenerate  rather  than  to  proliferate  further. 

A  highly  glandtilar  organ  such  as  the  testicle  proved  not  to  be 
very  suitable  for  the  tumor  implantations. 

Salt  solution  proved  to  be  injurious  to  the  tumor  tissue,  especially 
when  it  was  in  a  state  of  fine  division.  The  tumor  was  acted  on 
injuriously  by  sunlight,  and  this  injurious  action  appeared  to  be 
somewhat  intensified  by  the  presence  of  certain  photo-d3"namic 
anilines. 

Filtered  tumor  enuilsions  and  even  strained  tumor  emulsions  in 
salt  solution  did  not  produce  new^  tumors  upon  inoculation,  while 
small  aggregates  of  the  tumor  cells,  such  as  occur  in  ascitic  fluid, 
did  set  up  the  formation  of  new^  tumors. 

No  microorganisms  were  recognized  in  the  tumor,  and  no  bac- 
terial cultures  were  obtained  from  non-ulcerated  tumors. 

'  We  are  indebted  to  INIiss  IMenten  for  a  very  careful  study  of  large  numbers 
of  serial  sections  of  the  lungs  of  rats,  in  which  metastases  were  present,  and  in 
which  no  visible  metastases  could  be  seen.  She  succeeded  in  a  single  instance 
in  finding  a  small  mass  of  tumor  cells  within  a  blood  vessel,  unassociated  with 
a  developed  metastasis,  and  this  was  in  a  lung  already  the  seat  of  metastatic 
nodules. 


PLATE   I. 


t\    ; 


i 


'//O     ^  'H 


L?v'55fh'nifn-  o1 


Fig.  I, 


u->ii;2Ji<.h,ii.(;''  a8 


Fk;    2. 


'-:^t>  «-\' 


kjichniiflr  o^. 


Fig.  3. 


MONOGRAPH  NO.  1 


PLATE 


'/lo^nm 


Fig.  4. 


"^chi^Kir  oy 


MONOGRAPH  NO.   1 


PLATE   III. 


,•>,    «*^ 


ivt«w«»- 


. .,  f  ■■'■' 


©  gl 


>:' 


>.^  #r-  ^i  .4,« ^•.  -''.fi  w  />,«5  f. !  i^- 


r*=^ 


4'  ^ml"^^^  ^1 


O 


Fic.  7. 


MONOGRAPH   NO.   1 


PLATE    IV. 


^^'\^^  a/  <e^;  v^'^>  w®  ^^  iBftf 


^;^' /^  i^ 


Fig.  8. 


MONOGRAPH  NO.   1. 


PLATE   V. 


Fig.  9. 


^  #,^"  ^'' 


1J^.^^ 


fio"\nim 


Fic,  10. 


MONOGRAPH  NO.  1 


PLATE   VI 


•*f'^<---<l>5. 


^;        ys-r 


<j^L 


r<!?)^ 


:*''a 


</> 


^Y<r 


<f'     :_ 


<*>ap 


\^% 


^'  '"■«  ^  (?)  (Q  *     ••  •••.■?^  «     "     I. 


aHJ^^j^  V^^ 


Fig.  II. 


MONOGRAPH   NO.   1. 
S — u^- 

r  1^  ■■■ 


PLATE   VI 


,^S' 


tit 


Ss(0 


'^; 


<* 


'7?  ni 


^vM'^ 


^-.'^^ 


''^^• 


4k  ^^'    J' 


V/o 


Fig.  13. 


MONOGRAPH  NO.   1. 


PLATE  VIII 


.1     V'O  "ni    ' 


Fig.  15. 


.♦■■■  •  ,* » » 


-S^. 


Fi.;.  16. 


MONOGRAPH   N(J.   1. 


PLATE    IX. 


§0 

® 


z^^ 


^1' 


Fig.  17. 


FiG.^iS. 


MONOGRAPH   NO 


PLATE    X 


•t,fP 


~S??^'**T"S^ 


<t^fif<%-^-*-u. 


■■'WW.^<^*^V.vl 


<J*^»^'-  -;-!  •f*'^ 


■■■;;;   .\*o-  •r^>"^ '  r-  ■"  . 


It'VP 


1^ 


Fig,  19. 


-li- 


NOGRAPH  NO    1 


^^^ 


'^.^^ 

« 

1 ^-  '"•    ' 

Fig.  2, 

^rV\jXQ^"V 


NOGRAPH  NO     1 


'  ^''  f     ^r,<^^      "^-^      #^       -.     '     °  a      ^ 


to.   ^'V 


1      -     -"^-^    ^"^^\v^ 


S'^'t^     v'    J'^s'T'   *  1,      ■?>>    -'S-'*  Al.    -,'        ' 


^^e.e'firGtJ^-.-^X^r^ii-:''"- '"i'J-_^Vi,  ih'-^-J^'  d'} 


.■i6':a,a^fj&'~liL  .5^;'J'A;fe'  Ci^,.(D. 


MONOGRAPH   NO.   1. 


PLATE    XII 


Fig.  24. 


/lONOGRAPH   NO.    1 


PLATE   XIV. 


Photogkaiii  2 


Photograih  3. 


MONOGRAPH    NO 


PLATE   XV 


Photo  ;kaih  4. 


Photograih  5. 


MONOGRAPH  NO.  1 


PLATE   XVI 


f 

i» 

J 

1  • 

.v-Lr», 

^t' 

.'.^>^->. 
'?-*'*?'■ 

^  '. 

> 

f' 

•  1 

■-.."■       " 

^:  -    '       \     ,y>Jff:y,.. 

Photograi'H  6. 


Simon   Flcxner  and  J.   W.  Johling.  40 

EXPLANATION    OF    PLATES. 

Pr.ATK   L 

Fin.  T.  No.  3  cyc-piccc ;  6  objective.  Sliowiiifj  the  relation  l)etwcen  the 
spiiullc  and  polymorphoii.s  cells  occnrrinp  over  consiflerablc  areas  of  the  tumor. 

Fig.  2.  No.  3  eye-piece;  6  objective.  Glandular  tnl)nlc  included  in  the  tumor 
undorffoing  a  typical  proliferation  or  being  dissected  by  ingrowth  of  the  tumor. 

Fig.  3.  No.  3  eye-piece;  3  objective.  Dilated  glandular  tubule  enclosed  in 
hyalin  connective  tissue  adjacent  to  alveoli  enclosing  epithelial  cells,  probably 
derived  from  the  tubule. 

Plate  IL 

Fig.  4.  No.  3  eye-piece;  3  objective.  Junction  of  the  seminal  vesicle,  show- 
ing dilated  glandular  spaces,  with  the  tumor,  and  typical  carcinomatous  alveoli 
possessing  lumena. 

Fig.  5.  No.  3  eye-piece.  3  objective.  Branching  tubular  formation  or  duct 
adjacent  to  a  glandular  mass  possessing  structures  of  a  serous  or  mucous  gland. 

Plate  IIL 

Fig.  6.  No.  3  eye-piece;  6  objective.  Irregular  carcinomatous  alveoli  em- 
bedded in  the  stroma,  containing  spindle  and  other  cells  resembling  the  epithe- 
lium-like polymorphous  cells  of  the  alveoli. 

Fig.  7.  No.  3  eye-piece;  6  objective.  Pulmonary  tumor  nodule  of  alveolar 
structure,  showing  a  mononucleated  giant  cell  of  the  megacaryocytic  type. 

Plate  IV. 

Fig.  8.  No.  3  eye-piece;  6  objective.  Invasion  of  the  heart  wall  and  coronory 
sinus  by  the  tumor. 

Plate  V. 

Fig.  9.  No.  3  eye-piece;  6  objective.  Stomach  opened  to  show  the  ulcerated 
tumor  masses  in  the  esophogeal  segment.  The  elevated,  undulating  white  line 
shows  the  demarcation  between  the  esophogeal  and  gastric  mucosa. 

Fig.  10,  No.  3  eye-piece;  3  objective.  Subcutaneous  tumor  nodule  showing 
the  relation  of  the  young  alveoli  to  the  stroma.  A  definite  demarcation  separates 
the  tumor  from  the  cutis. 

Plate  VI. 

Fig.  it.  No.  3  eye-piece;  6  objective.  Showing  the  usual  structure  of  the 
tumor  in  the  stage  of  carcinoma  simplex. 

Fig.  12.  No.  3  eye-piece;  6  objective.  From  the  edge  of  a  recent  rapidly 
growing  graft  showing  the  original  development  of  spindle  cells  and  small 
included  masses  of  polymorphous  cells  which  have  not  yet  arranged  themselves 
into  definite  alveoli. 
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Plate  VII. 

Fig.  13.  No.  3  eye-piece;  6  objective.  Hyalin  transformation  of  the  tumor 
in  the  course  of  retrogression  showing  the  persistence  of  small  groups  and 
masses  of  the  polymorphous  cells  within  the  hyalin  connective  tissue. 

Fig.  14.  No.  3  eye-piece;  3  objective.  Invasion  of  the  splenic  vein  by  the 
tumor  which  presents  a  typical  tubular  alveolar  structure.  The  vein  is  occluded 
by  a  thrombus  which  is  itself  becoming  invaded  with  tumor  acini. 

Plate  VIIL 

Fig.  15.  No.  3  eye-piece;  3  objective.  The  invasion  of  the  submucous  and 
subepithelial  layer  of  the  esophageal  segment  of  the  stomach  by  the  tumor  which 
shows  distinct  alveolation.  Beginning  degeneration  of  the  superficial  epithelial 
cells. 

Fig.  16.  No,  3  eye-piece;  3  objective.  Invasion  of  the  vertebral  column. 
The  alveolar  tumor  in  the  section  is  adjacent  to  the  cartilages  and  bony  stnictures. 

Plate  IX. 

Fig.  17.  No.  3  eye-piece;  6  objective.  Pseudo-acinar  excavation  of  the 
alveoli. 

Fig.  18.  No.  3  eye-piece;  6  objective.  Invasion  of  the  regional  lymphatic 
glands  by  the  alveolated  tumor.  The  stroma  which  is  slight  is  furnished 
by  the  gland. 

Plate  X. 

Fig.  19.  No.  3  eye-piece;  3  objective.  Atypical  carcinoma  simplex  in  which 
the  alveoli  are  linear  and  bent  in  several  directions. 

Fig.  20.  No.  3  eye-piece;  3  objective.  Invasion  of  the  large  peripheral 
nerve  by  the  tumor. 

Plate  XL 

Fig.  21,  No.  3  eye-piece;  6  objective.  Lymphatic  metastasis  undergoing 
cystic  degeneration  and  showing  papillary  outgrowths  in  the  wall. 

Fig.  22,  No.  3  eye-piece;  6  objective.  Invasion  of  a  lymphatic  vessel  by 
the  polymorphonuclear  cells  of  the  tumor. 

Fig.  23.  No.  3  eye-piece;  6  objective.  Typical  soft  adeno-carcinomatous 
form  of  the  tumor. 

Plate  XIL 

Fig.  24.  No,  3  eye-piece;  6  objective.  The  same  stained  with  Mallory's 
aniline-blue  to  show  the  relation  l^ctween  the  stroma  and  epithelial  cells. 

Plate  XIIL 

Photograph  i,  (Rat,  47,  p.  23.)  Large,  omental  nodule,  multiple,  small 
omental  and  mesenteric  nodules,  and  nodules  in  the  diaphragm,  all  developing 
from  a  single  fragment  introduced   into  the  peritoneal  cavity. 
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Plate  XIV. 

PiiOTOGRAni  2.  (Rat  46,  p.  24.)  The  tumor  growing  about  and  into  the 
cardia  of  the  stoniacli  wlicrc  a  cni)-shapc(l  nicer  is  profhiced. 

PiiOTOGRArii  3.  (Rat  231,  p.  26.)  A  large  tumor  metastasis  in  the  axillary 
gland  and  smaller  metastasis  in  the  retroperitoneal  and  other  lymphatic  glands, 
and  a  growth  into  the  pleural  cavity. 

Plate  XV. 

Photograph  4.  (Rat  231,  p.  26.)  Metastasis  in  the  axillary  and  retroperi- 
toneal glands,  and  in  the  lungs. 

PiioTOGRArn  5.  (Rat  424,  p.  27.)  The  development  of  multiple  nodules 
from  an  intraperitoneal  injection  of  ascitic  fluid  containing  microscopic  tumor 
fragments. 

Plate  XVL 

Photograph  6.  (Rat  2253,  p.  42.)  The  histological  appearance  of  the  typical, 
soft,  pure,  adenomatous  and  acinous  growth. 
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THE  BIOLOGY  OF  A  MIXED  TUMOR  OF  THE  RAT. 

By  J.   \V.   JOBLING,   M.D. 

(From  the  Laboratories  of  the  Rockefeller  Institute  for  Medical  Research, 

New  York.) 

The  tumor,  of  which  the  pathological  anatomy  has  just  been  fully 
described,  has  been  studied  under  a  number  of  artificial  conditions 
with  a  view  of  establishing  certain  facts  regarding  its  biology.  The 
more  extensive  biological  studies  of  tumors  in  the  lower  animals 
made  up  to  the  present  time  have  been  carried  out  on  mice,  and  to  a 
much  less  extent  on  dogs  and  rats.  Indeed,  there  does  not  exist  in 
the  literature  such  an  exhaustive  study  of  a  tumor  in  other  animals 
comparable  to  many  studies  wdiich  have  been  carried  out  in  connec- 
tion with  the  transplantable  tumors  of  mice.  It  is,  therefore,  of 
some  interest  to  ascertain  to  what  extent  the  general  facts  estab- 
lished for  tumors  of  mice  are  especially  true  for  the  transplantable 
tumors  of  other  species  of  animals,  so  that  in  the  description  to 
follow,  along  with  certain  observations  applying  peculiarly  to  this 
tumor,  others  wall  be  described  which  are  based  on  previous  experi- 
ments of  a  similar  nature  made  upon  mice. 

GROW^TH    AND    RETROGRESSION. 

The  phenomena  of  growth  of  the  tumor  were  studied  under  a 
number  of  artificial  conditions.  The  first  of  these  which  we  are  to 
consider  refers  to  the  transplantation  generations,  and  particularly 
to  the  percentages  of  successful  implantations  and  the  percentages 
of  retrogressing  tumors  in  the  several  series.  We  will  discuss  these 
points  in  relation  to  the  first  twenty-five  transplantation  generations. 

Beginning  with  the  third  generation,  the  number  of  rats  inocu- 
lated for  each  one  ranged  from  13  to  125.  The  lowest  per  cent,  of 
successful  inoculations  was  observed  in  the  third  generation,  since 
only  four  animals  of  the  thirteen  inoculated  developed  tumors,  and 
of  these  four,  two  finally  disappeared  by  retrogression.     The  age  of 
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tlic  liiiuor  used  for  tlic  inoculations  was  132  days,  and  as  no  careful 
selection  was  made  (d*  tlic  frai^ments  transplanted,  this  factor  doubt- 
less played  a  ])art  in  the  result.  "Jdie  tumor  employed  for  inocula- 
tion in  the  fourth  p^eneration  was  forty-eight  days  old  and  measured 
one  centimeter  in  diameter.  Of  the  35  rats  inoculated,  24,  or  68.5 
per  cent.,  developed  tumors,  of  which  4,  or  16.6  per  cent.,  later 
underwent  retrogression.  From  this  time  on  the  tumors  chosen  for 
use  in  inoculating  the  other  rats  were  about  one  centimeter  in  diam- 
eter, although  they  were  of  very  different  ages.  The  youngest 
tumor  employed  was  23  days  old,  and  the  oldest,  71.  In  the  seventh 
generation  the  number  of  successful  inoculations  reached  96.6  per 
cent.  That  is,  of  30  rats  inoculated,  29  developed  tumors,  of  which 
6,  or  20.7  per  cent.,  subsequently  disappeared.  From  this  time  on, 
in  spite  of  certain  fluctuations,  the  percentage  of  successful  inocula- 
tions remained  high,  being  usually  90  per  cent,  or  over,  and  falling 
once  only,  namely,  in  the  twenty-third  generation,  to  68.4  per  cent. 
In  the  twentieth  generation  all  of  the  29  rats  inoculated  developed 
tumors. 

Along  with  the  development  of  increased  power  of  grow^th  in  the 
inoculated  rats,  there  went  a  diminished  tendency  to  spontaneous 
absorption  of  the  tumors.  Until  the  twelfth  generation  the  number 
of  retrogressions  was  high  and  reached  sometimes  52.7  per  cent,  in 
the  tenth  generation,  and  32  per  cent,  in  the  twelfth.  After  this, 
the  percentage  of  retrogressions  tended  to  remain  below  10  per  cent. ; 
once  it  fell  to  2  per  cent.,  and  once,  namely,  in  the  twenty-second 
generation,  it  rose  as  high  as  22^.6  per  cent. 

That  the  tumor  is  a  slowly  growing  one  is  readily  seen  from  the 
length  of  time  the  inoculated  animals  survived  the  implantations 
and  the  relatively  small  size  which  the  tumors  attained  at  the  time 
of  the  death  of  the  rats.  The  tumor  causes  death  probably  in  one 
of  three  ways:  first,  through  ulceration  of  the  skin  and  secondary 
^  infection ;  second,  through  invasion  of  vital  parts ;  and  third,  through 
metastasis.  In  respect  to  the  degree  of  local  development,  the  tumor 
stands  far  behind  the  Jensen  and  Lewin  rat  tumors,  w'hich  we  have 
also  had  the  opportunity  of  studying.  After  the  implantation  of 
fragments  the  earliest  evidences  of  increase  in  size  were  obtained  on 
the  seventh  to  the  tenth  day.     From  that  period  the  growth  is  pro- 


54 


Biology  of  a  Mixed  Tumor  of  the  Rat. 


gressive  and  quite  uniform,  but  not  rapid,  and  the  tumors  reach 
sometimes  a  considerable  size,   measuring  not  infrequently  three 


centimeters  in  their  greatest  diameter. 


ACTIVE    IMMUNITY. 

It  is  now  established,  chiefly  as  a  result  of  the  accurate  studies  of 
Gaylord  and  Clowes/  Jensen,  Ehrlich,-  Bashford,^  and  still  others, 
that  mice  which  first  developed  transplantation  tumors,  subse- 
quently undergoing  absorption  possess  a  high  degree  of  refractori- 
ness, comparable  perhaps  to  a  state  of  active  immunity  to  subsequent 
inoculations  of  similar  or  even  diverse  tumor  fragments.  We 
observed  in  conformity  with  this  established  fact  that  the  rats,  which, 
having  developed  tumors,  subsequently  lost  them  through  absorp- 
tion, showed  a  considerable  degree  of  refractoriness  upon  reinocu- 
lation  with  the  same  kind  of  tumor  fragments.  An  experiment  was 
then  made  to  determine  whether  this  state  of  resistance  or  immunity, 
so-called,  was  a  fixed  or  enduring  quality  or  whether  it  was  subject 
to  quantitative  changes  produced  through  lapse  of  time.  The  fol- 
lowing tabulation  bears  on  this  question : 


TABLE   I. 
Influence  of  Time  Period  on  Reinociilability  of  '^Immune"  Rats. 


Elapsed  period  since  disap- 
pearance. 

Number  reinoculated. 

Number  developing 
tumors. 

Number  in  which 
tumors  disappeared. 

First    30  days 
30  to     60  days 
60  to     90  days 
90  to  150  days 

IS 

16 

26 

4 

I 

5 
4 
0 

I 
0 
0 

Totals 

61 

10 

I 

Control 

80 

69 

21 

Table  I  shows,  first,  that  the  state  of  refractoriness  left  by  the 
retrogression  of  growing  tumors  is  not  perfect,  but  is  of  high  degree ; 
and  it  further  indicates  that  this  degree  is  greatest  immediately  after 
the  disappearance  of  the  tumors,  and  becomes  reduced  subsequently 

^Gaylord  and  Clowes,  Med.  Nezvs,  1905,  Ixxxvii,  698. 

=  Ehrlich,  Arb.  a.  d.  k.  Inst.  f.  expcr.  Therapie,  1906,  No.  i,  77- 

*  Bashford,  Proc.  of  the  Royal  Soc,  Series  B,  1907,  Ixxix,  164. 
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by  mere  lapse  of  time.  \Vitliin  a  period  of  90  days  after  the  retro- 
gression of  the  tumor  in  ()i  rats,  10,  ov  16.5  per  cent.,  proved  rcin- 
oculable  with  a  tumor  which  yielded  in  llie  control  animals  86.2  per 
cent,  of  tumors.  Moreover,  of  the  10  tumors  developing  in  the 
refractory  rats,  only  one  was  afterwards  absorbed,  and  that  was  in 
a  rat  coming  within  the  first  thirty-day  period  since  the  original 
absorption.  Among  the  control  rats,  on  the  other  hand,  the  retro- 
gressions were  considerably  higher,  and  equalled  31.8  per  cent. 

It  is  significant  that  on  a  second  attempt  to  implant  successfully 
tumor  grafts  in  13  rats  that  had  resisted  a  first  reinoculation,  from 
30  to  150  days  previously,  none  w-ere  successful.  The  control  rats 
of  this  series  gave  y^  per  cent,  of  successful  implantations. 


NATURAL    REFRACTORINESS. 

It  has  been  repeatedly  observed  by  all  who  have  studied  trans- 
plantable tumors  that  animals  which  resist  implantation  of  tumor 
grafts  are  not  wholly  immune,  but- are  merely  refractory,  and  can 
often  be  successfully  inoculated  with  a  similar  tumor  of  higher  viru- 
lence, or,  as  is  sometimes  stated,  with  greater  capacity  for  growth. 
We  were  interested  not  only  in  confirming  this  result  with  the  rat 
tumor,  but  also  in  ascertaining  to  what  extent  the  effect  of  the  first 
unsuccessful  implantation  tended  to  add  to  the  natural  refractory 
state  of  the  animals.  Having  ascertained  that  mere  lapse  of  time 
was  attended  by  diminution  of  this  refractory  state  in  some  rats 
(Table  I),  a  test  similar  to  that  employed  in  them  was  now  applied 
to  the  rats  which  resisted  a  first  inoculation.  The  result  is  shown 
in  Table  11. 

TABLE  II. 

Influence  of  Time  Period  on  Inociilahility  of  Negative  Rats. 


Elapsed  period  since 
unsuccessful  inoculation. 

Number  reinoculated. 

Number  and  per  cent, 
developing  tumors. 

Number  in  which 
tumors  disappeared. 

First  30  days 
30  to    60  days 
60  to    90  days 
90  to  1 20  days 

120  to  150  days 

17 
60 
62 

47 
14 

2  (II. 7) 
31    (51.6) 

33  (53-2) 

27  (57.4) 

5  (35-7) 

0 
12 

3 

3 

I 

Totals 

200 

98  (49) 

19 

Controls 

80 

69  (86.2) 

21 
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But  before  discussing  the  results,  another  tabulation  (Table  III) 
will  be  given,  since  it  expresses  the  effect  of  a  third  implantation  of 
tumor  fragments  in  rats  which  had  resisted  two  previous  inoculations. 

TABLE  III. 
Influence  of  Time  Period  on  Inoculability  of  Negative  Rats. 


Elapsed  period  since 
second  negative  inoculation. 

Number  reinoculated. 

Number  and  per  cent, 
developing  tumors. 

Number  in  which 
tumors  disappeared. 

First  30  days 
30  to  60  days 

18 
17 

2   (II. I) 
3(17.6) 

I 
0 

Total 

35 

5  (14.2) 

I 

Control 

20 

15  (75) 

6 

These  tabulations  indicate  clearly  that  failure  in  respect  to  the 
tumor  implantations  depends  upon  factors  which  are  not  controlled 
entirely  by  the  animal  subjected  to  the  inoculation,  or  even  by  the 
fragment  of  tumor  implanted,  but  represents  the  joint  result  of  the 
action  of  both  sets  of  conditions  on  each  other,  namely,  those  inher- 
ent in  the  animal  and  those  inherent  in  the  tumor.  The  virulence 
or  the  capacity  for  growth  of  the  tumor  used  to  inoculate  the  nega- 
tive animals  at  the  time  of  the  first  inoculation  did  not  exceed  the 
average  of  the  tumors  employed  for  implantation  at  this  period 
of  the  study,  and  yet  49  per  cent,  of  successful  inoculations  were 
secured.  And  while  the  tumor  used  to  inoculate  the  negative 
animals  at  the  time  of  the  second  inoculations  showed  among 
the  controls  a  lower  virulence  or  a  lessened  capacity  for  growth 
than  the  tumor  used  for  the  first  reinoculation,  yet  a  further  14.2 
per  cent,  of  successful  implantations  were  secured. 

The  case  is  not  so  clear  as  regards  the  natural  refractory  state's 
being  increased  by  a  first  unsuccessful  inoculation.  Table  II  is  sug- 
gestive of  such  an  effect  as  regards  the  small  number  of  successful 
reinoculations  in  the  first  thirty-day  period  following  the  unsuc- 
cessful implantation,  as  compared  with  the  greater  number  of  suc- 
cessful inoculations  at  later  periods.  But  the  figures  given  are 
indications  merely,  and  do  not  serve  to  establish  the  point. 
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SECONDARY   AND   TERTIARY    IMPLANTATIONS. 

Elirlich'^  has  pointed  out  that  in  the  case  of  actively  growing 
mouse  tumors,  secondary  implantations  undertaken  at  a  time  at 
which  the  first  tumor  is  growing  rapidly  usually  fail  to  grow.  With- 
out discussing  the  theoretical  views  which  he  has  offered  to  explain 
this  observation,  we  wish  to  report  the  results  of  secondary  and 
tertiary  implantations  carried  out  with  this  slow  growing  rat  tumor. 
As  has  already  been  pointed  out,  this  tumor  exhibits  in  a  high  degree 
the  property  of  metastasising  in  nearby  and  distant  parts  of  the  body, 
from  which  it  is  concluded  that  the  effect  on  the  organism  of  a 
growing  tumor  was  not  such  as  to  interfere  with  or  inhibit  the 
growth  of  a  secondary  tumor.  Table  I\^  exhibits  the  results  of  the 
reinoculations,  and  serves  to  bring  out  several  points  of  consider- 
able interest. 

TABLE   IV. 
Reinocuiation  of  Rats  with  Growing  Tumors. 


Age  of  primary 

tiunor  at  time  of 

reinocuiation. 

Average  size  of 

primary  tumor 

in  cm. 

Number  rein- 
oculated. 

Number  of  pri- 
mary tumors 
continuing  to 
grow  after 

reinocuiation. 

Number  with 
growing  tumors 
developing  sec- 
ondary tumors. 

Number  of 

primary  tumors 

not  growing  or 

retrogressing. 

Number  with 
stationary  or 
retrogressing 
tumors  develop- 
ing secondary 
tumors. 

Numlier  of  sec- 
ondary tumors 
retrogressing. 

First  30  days 

30  to    60  days 

60  to    90  days 

90  to  120  days 

120  to  150  days 

0.7 
I.I 

1.3 
1.2 

2.5 

63 

53 

^3 

15 

5 

36 

43 
78 
II 

5 

36 

23 
62 

9 
2 

27 
10 

5 
4 
0 

I 
0 
0 
0 
0 

2 
0 
0 
0 
0 

Number  of 

rats 
inoculated. 

Number 

developing 

tumors. 

Number  in 

which 
tumors  dis- 
appeared. 

Control 

80 

69 

21 

It  shows,  in  the  first  place,  that  a  growing  tumor  does  not  prevent 
the  successful  implantation  of  a  second  tumor  of  the  same  kind,  but 
it  also  indicates  that  the  secondary  implantations  are  likely  to  yield 
a  smaller  number  of  growing  tumors,  the  susceptibility  of  the  rats 
inoculated  having  been  established,  than  the  primary  inoculation. 
The  influence  of  the  time  element  during  which  the  first  tumor  has 

*  Ehrlich,  Arb.  a.  d.  k.  Inst.  f.  cxpcr.  Thcrapic,  1906,  No.  i,  "/"/. 
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been  growing  in  the  body  appears  to  be  of  some  importance  in  deter- 
mining the  result,  but  the  factor  that  exercises  a  definite  and  deter- 
mining influence  is  not  the  original  susceptibility  of  the  animals  to 
inoculation,  but  the  state  of  the  primary  tumor  with  reference  to 
its  later  history.  So  long  as  the  primary  tumor  is  itself  expanding 
the  secondary  inoculations  are  readily  accomplished,  but  when  the 
primary  tumor  has  become  stationary  in  size,  or  has  begun  to  undergo 
retrogression,  the  secondary  implantation  usually  fails.  In  only 
one  instance  among  46  cases  did  a  rat  in  which  the  primary  tumor 
was  being  absorbed  develop  a  secondary  tumor.  In  view  of  the 
fact  that  rats  showing  retrogressing  tumors  do  not  develop  sec- 
ondary tumors,  while  those  with  growing  tumors  tend  to  develop 
them,  it  would  be  expected  that  few  or  noneof  the  secondary  tumors 
should  later  suffer  retrogression.  Table  IV  shows  that  in  only  two 
rats  w^as  there  a  disappearance  of  the  secondary  growths. 

The  influence  of  the  period  of  growth  of  the  primary  tumor  on 
the  result  of  the  secondary  implantations  is  shown  by  the  fact  that 
in  the  first  thirty-day  period  all  the  rats  in  which  the  primary  tumor 
continued  to  grow  developed  secondary  tumors,  and  that  some  rats 
wath  growing  tumors  in  the  later  periods  did  not  develop  secondary 
tumors.^ 

Still  another  test  of  the  reinoculability  of  rats  w^ith  growing 
tumors  was  carried  out  with  29  animals  in  which  two  tumors  were 
growing  at  the  time  of  the  third  inoculation.  This  implantation 
was  made  during  the  period  of  from  30  to  60  days  of  the  duration 
of  the  two  growing  tumors,  with  the  result  that  of  the  29  rats  inocu- 
lated 23  developed  tertiary  tumors.  It  follows  from  these  observa- 
tions that  with  the  rat  tumor  with  which  these  tests  are  made 
reinoculation  is  possible  in  all  or  nearly  all  the  animals,  provided 
the  tumors  which  originally  developed  from  the  first  implantation 
are  still  growing,  and  have  not  either  become  stationary,  or  begun 
to  undergo  retrogression. 

"  Recently  Gay  has  attempted  to  show  that  rats  inoculated  with  this  tumor  are 
subject  to  reinoculation  only  after  the  period  of  metastasis  has  been  reached, 
and  that  at  an  earlier  period  the  result  of  a  secondary  inoculation  is  to  cause 
rather  absorption  of  the  original  tumor  than  the  successful  implantation  of  the 
second.  These  statements  are  in  direct  conflict  with  the  observations  repre- 
sented bv  Table  IV. 
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PROMOTING  INFLUENCK  OF   TIMOR   EMULSION. 

In  the  course  of  c.\[)erinients  ])crf()rnic(l  witli  a  number  of  ori^anic 
and  oilier  substances  to  be  related,  the  influence  on  the  growth  of 
the  tumors  of  an  emulsion  of  the  tumor  substance  itself  was  studied. 
Previous  experiments  had  shown  that  fine  emulsions  of  the  tumor 

TABLE  V. 
Effect  on  Tumor  Growth  of  Heated  and  Unheated  Tumor  Emulsion. 


Treated  with  e 

mulsion. 

Con 

trol. 

Mode  of  treatment. 

mber  and 
er  cent, 
veloping 
umors. 

mber  and 
r  cent,  in 
ch  tumois 
appeared. 

'er  cent. 

veloping 

umors. 

J  5  ^ 

s  a,  V  ■>-• 

3   «■=    W 

eu.  « 

w-;:  «! 

8 

^      -^ 

z  ^i'-B 

•0 

^■5^ 

Unhealed  emulsion  one  clay  and  tumor 

7(87-5) 

3  (42.7) 

100 

70 

next  day 

Heated    emulsion    one    day   and    tumor 

10 

10  (100) 

5(50) 

20 

50 

next  day 

Tumor   one   day   and    heated    emulsion 

9 

9  (100) 

6  (66) 

100 

70 

next  day 

Unheated  emulsion  subcutaneously  and 

10 

6  (66) 

6  (100) 

80 

75 

tumor  lo  days  after 

Unheated      emulsion     intraperitoneally 

10 

7  (70) 

6(85) 

80 

75 

and  tumor  lo  days  after 

Heated    emulsion    subcutaneously    and 

28 

28  (100) 

4  (14) 

82.5 

36 

tumor  lo  days  after 

Heated  emulsion  twice  at  lo-day  inter- 

10 

10  (100) 

I  (10) 

70 

56.2 

vals  and  tumor   lo  days  after  second 

injection 

Heated  emulsion  three  times  at  lo-day 

10 

10  (100) 

0 

87 

83.6 

intervals    and    tumor     lo    days    after 

third  injection 

Heated    emulsion    and    tumor    20    days 

10 

10  ( 100) 

2  (20) 

70 

56.2 

after 

Heated   emulsion    and    tumor   30    days 

10 

10  (100) 

4  (40) 

87.5 

83.6 

after 

Heated  emulsion  twice  at   10- day  inter- 

10 

8  (80) 

0 

87.5 

83.6 

vals  and  tumor  20  days  after  second 

injection 

Heated  emulsion  three  times  at   lo-day 

9 

9  (100) 

I  (II) 

90 

55.5 

intervals    and    tumor    30    days   after 

i 

third  injection 

1 

1 

in  salt  solution  did  not  give  rise  to  tumor  formation,  so  that  there 
was  little  or  no  risk  of  having  tumors  develop  from  the  injected 
emulsion.  The  emulsion  which  was  made  of  a  uniform  milky 
appearance  was  divided  into  two  portions,  one  being  subjected  to 
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heat  in  a  water-bath,  at  a  temperature  of  55°  C.  for  thirty  minutes 
before  the  injection,  and  the  other  not  being  further  treated.  A 
standard  suspension  of  lecithin  was  used  as  control.  Injections  of 
one  cubic  centimeter  of  the  emulsion  were  made  into  the  peritoneal 
cavity  and  the  tumor  material  used  was  of  the  type  of  growth  not 
definitely  adeno-carcinomatous.  The  experiments  have  not  been 
repeated  since  the  tumor  assumed  the  latter  form.  At  a  later  period, 
and,  therefore,  subsequent  to  the  injection  of  the  emulsion,  tumor 
f ragfments  were  inoculated  beneath  the  skin,  and  the  results  observed, 
as  recorded  in  Table  V. 

As  the  table  shows,  the  effects  of  the  injections  of  the  emulsion 
are  considerable.  They  will  now  be  taken  up  separately  for  con- 
sideration. 

The  effects  of  the  unheated  and  of  the  heated  emulsions  begin  to 
be  displayed  as  early  as  twenty- four  hours  after  their  injection,  and 
in  about  the  same  degree.  Thus  the  number  of  positive  inocula- 
tions is  the  same  in  both  series,  and  the  number  of  retrogressions 
is  also  about  the  same.  As  compared  with  the  control  series,  the 
eft'ect  of  the  unheated  emulsion  is  seen  in  the  smaller  number  of 
disappearing  tumors,  and  of  the  heated  emulsion  in  an  increasing 
number  of  positive  implantations.  It  chanced  that  the  tumor  chosen 
for  the  experiments  with  the  heated  emulsion  gave  in  the  controls 
a  low  percentage  of  positive  implantations,  but  as  the  same  tumor 
was  inoculated  into  the  animals  previously  having  had  injections  of 
the  heated  emulsion,  the  contrast  is  very  marked.  On  the  other 
hand,  the  injection  of  the  heated  emulsion  on  the  day  following  the 
implantation  of  the  tumor  morsels  is  followed  by  little  or  no  special 
influence  on  the  number  of  retrogressing  tumors,  since  they  were 
about  the  same  as  in  the  control  series. 

The  next  set  of  experiments  yielded  much  more  striking  results. 
Unheated  emulsion  was  injected  subcutaneously  and  intra-perito- 
neally,  and  heated  emulsion  subcutaneously  ten  days  before  the 
tumor  implantations.  The  rats  which  had  received  the  unheated 
emulsion  behaved  very  much  as  did  the  controls,  since  the  number 
of  positive  inoculations  and  of  retrogressions  was  about  average, 
while  the  rats  receiving  the  heated  emulsion  gave  100  per  cent, 
of  positive  implantations,  and  a  small  number,    14  per  cent.,  of 
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retrogressions,  as  against  8J.5  i)er  cent,  of  positive  imi)lantations 
and  36  per  cent,  of  retrogressions  in  the  control  series.  It  appears, 
then,  that  rats  treated  ten  days  in  advance  with  a  heated  tumor 
emulsion  show  increased  susceptihility  to  the  tumor  implanta- 
tions and  a  diminished  tendency  to  tumor  retrogressions,  as  com- 
pared with  untreated  rats  or  rats  treated  with  unheated  emulsion. 
Indeed,  the  unheated  emulsion  proved  not  to  exhibit  any  predispos- 
ing effect  whatever  on  the  growth  or  the  persistence  of  the  tumors. 
Another  series  of  experiments  w^as  performed  with  the  heated 
emulsion.  The  experiments  were  so  arranged  that  the  injections 
were  made  two  or  three  times  at  ten  day  intervals,  and  the  tumor 
implantations  were  conducted  at  ten,  twenty,  and  thirty  day  inter- 
vals after  the  second  and  third  injections.  These  experiments  will 
show  the  promoting  influence  of  the  heated  emulsion  on  the  growth 
and  endurance  of  the  tumors.  We  possess  no  knowledge  of  the 
nature  of  the  constituent  of  the  heated  emulsion  upon  which  depends 
the  effect  described,  or  of  the  mechanism  of  the  promoting  influence. 
In  view  of  facts  already  established  for  mice  tumors,  that  blood  cor- 
puscles and  several  kinds  of  tissues  of  the  same  animal  species  exer- 
cise, when  injected  in  advance  of  the  tumor  implantations,  a  restrain- 
ing influence  on  the  tumor  growth,  the  absence  of  such  a  restraining 
influence  following  the  development  of  the  unheated  emulsion  of 
tumor  and  the  development  of  the  promoting  qualities  following  the 
injection  of  the  heated  emulsion  are  points  w^orthy  of  special  atten- 
tion. It  remains  to  be  ascertained  whether  this  effect  is  peculiar 
or  limited  to  this  rat  tumor,  or  to  a  small  number  of  transplantable 
tumors,  or  w^hether  it  is  applicable  equally  or  in  some  degree  to 
transplantable  tumors  in  general.  We  are  engaged  at  present  in 
elucidating  this  point. 

TABLE  VI. 
Summary  of  Effect  on  Growth  and  Persistence  of  Tumor  of  Heated  Emulsion. 


Series. 

Total  number  of  rats 
treated. 

Number  and  per  cent, 
developing  tumors. 

Number  and  per  cent. 

in  which  tumors 

disappeared. 

Control 

Unheated  emulsion 

Heated  emulsion 

28 

28 

106 

26    (92.8) 

20    (74.2) 

104    (98.1) 

19  (73) 
15  (75) 
23  (22) 
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We  have  summarized  in  Table  VI  the  effects  of  the  heated  emul- 
sion on  the  growth  and  persistence  of  the  tumor. 

Thus  it  will  be  seen  that  among  28  control  rats  26  developed 
tumors,  equalling  92.8  per  cent.,  of  which  19,  or  ^2*  P^^  cent.,  later 
underw^ent  retrogression.  Among  28  rats  treated  with  unheated 
emulsion,  20,  or  74.2  per  cent.,  developed  tumors,  of  which  15,  or 
75  per  cent.,  underwent  retrogression.  These  figures  are  to  be 
contrasted  with  the  next,  in  which  of  106  rats  treated  with  the  heated 
emulsion,  104,  or  98.1  per  cent.,  developed  tumors,  of  which  2^,  or 
22  per  cent.,  later  w^ere  absorbed. 

The  fact  should  be  mentioned  that  when  a  very  large  number  of 
animals  were  to  be  inoculated  a  large  tumor  was  always  selected, 
so  as  to  insure  uniform  results.  As  the  large  tumors  are  more 
advanced  in  degree  than  the  small  ones,  they  tend  to  give  a  lower 
percentage  of  successful  implantations  and  a  higher  percentage  of 
retrogressions.  In  the  present  case  these  points  emphasize  the 
effects  of  the  heated  emulsion. 

EFFECT  OF  HEATED  EMULSION  ON  IMMUNE  RATS. 

As  has  been  already  pointed  out,  rats  which  have  recovered  spon- 
taneously from  the  tumors  possess  an  increased  degree  of  resistance 
to  reimplantation  of  tumor  fragments.  In  view  of  the  power  of 
the  heated  emulsion  to  overcome  the  natural  resistance  to  the  implan- 
tation of  the  tumor,  it  became  desirable  to  ascertain  whether  this 
induced  or  increased  resistance  could  also  be  set  aside  by  the  emul- 
sion. The  experiments  made  to  test  this  point  were  carried  out  on 
tw^o  small  series  of  rats  which  had  recovered  from  tumors  that  had 
developed  in  animals  previously  receiving  the  heated  emulsion. 

In  the  first  series  of  eight  rats,  the  tumors  had  entirely  disap- 
peared for  a  period  of  from  30  to  90  days,  and  they  received  no  new 
injection  of  the  heated  emulsion.  Three  of  the  eight  rats  developed 
tumors  from  the  new  implantations,  of  which  one  tumor  subse- 
quently disappeared.  The  second  series  of  nine  rats  had  been  free 
of  tumor  for  a  period  of  from  30  to  60  days.  The  heated  emulsion 
was  again  injected  ten  days  prior  to  the  second  tumor  implantations. 
Four  of  these  developed  tumors,  of  which  two  subsequently  disap- 
peared.    The  control  rats  for  these  series  gave  100  per  cent,  of 
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success fnl  inoculations  and  no  retrogressions,  indicalinp^  that  the 
tumor  used  for  implantation  was  of  maximum  virulence.  There 
is,  therefore,  no  evidence,  so  far  as  this  experiment  ^oes,  of  any 
influence  of  the  enuilsion  in  ])romoting  successful  implantation  in 
these  rats. 

The  experiment  was  now  extended  to  rats  which  had  not  been 
previously  injected  with  the  heated  emulsion,  but  which  had  recov- 
ered spontaneously  from  tumors.  They  received  the  heated  emulsion 
in  the  usual  way,  and  afterwards  implantation  of  tumor  fragments. 
Two  series  of  control  animals  were  employed :  one  consisting  of 
animals  not  previously  inoculated,  to  establish  the  virulence  of  the 
tumor,  and  the  other  "  immune  "  rats,  so-called,  in  which  no  emul- 
sion had  been  introduced.  Table  VII  summarizes  this  experiment, 
from  which  it  will  be  seen  that  of  ten  rats  in  which  tumors  had  dis- 
appeared, from  30  to  120  days  previously,  one  only  developed  a 
tumor,  and  this  subsequently  disappeared;  whereas  the  ten  control 
animals,  which  had  not  been  previously  inoculated,  all  developed 


TABLE  VII. 

Effect  of  Heated  Emulsion  on  Immune  Rats.    No  Emulsion   (control.) 


Time  period  since  disappear- 
ance of  tumor. 

Number  inoculated. 

Number  developing 
tumors. 

Number  in  which 
tumors  disappeared. 

30  to  120  days 

10 

I 

I 

Control 

10 

10 

0 

E^mdsion  on  Same  Day  as  Tumor 


30  to    90  days 


10 


30  to  120  days 


Efuulsion  Ten  Days  Before  Tumor. 


10 


tumors,  of  which  none  disappeared.  These  results  are  to  be  com- 
pared with  those  obtained  in  animals  in  which  the  injection  of  the 
emulsion  and  the  implantation  of  the  tumor  were  made  on  the  same 
day,  and  the  emulsion  injected  one  day  and  the  tumor  implanted  ten 
days  subsequently,  as  are  shown  in  the  lower  part  of  the  same  table. 
Thus,  of  ten  rats  which  had  recovered  from  30  to  90  days  pre- 
viously, and  which  received  the  emulsion  and  the  tumor  on  the  same 
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day,  three  developed  tumors;  whereas  of  the  ten  which  had  recov- 
ered from  30  to  120  days  previously,  and  which  received  the  tumor 
ten  days  after  the  heated  emulsion,  five  developed  tumors,  in  both 
cases  there  being  no  retrogressions. 

The  experiments  are  quite  suggestive  and  indicate  that  the  heated 
emulsion  can  overcome  in  some  degree  the  induced  resistance  or 
immunity  produced  by  the  absorption  of  the  tumor,  and  also  that 
while  this  influence  exerted  by  the  emulsion  is  greater  in  rats  which 
had  not  previously  received  the  emulsion,  it  may  still  be  exerted 
upon  animals  possessing  the  increased  resistance  given  by  recovery 
from  the  tumor  following  the  emulsion.  Moreo\er,  the  effect  begins 
to  be  apparent  on  the  same  day  as  the  injection  of  the  emulsion, 
although  it  is  more  pronounced  ten  days  afterwards. 

EFFECTS  OF  THE  HEATED  EMULSION  OX   RATS   WITH   DISAPPEARING 

TUMORS. 

Rats  with  growing  tumors  may  be  inoculated  a  second  and  a  third 
time  with  tumor  grafts.  Rats  recovering  spontaneously  from  tumors 
acquire  an  increased  resistance  to  tumor  implantation.  Hence, 
recovery  from  the  tumor  is  attended  by  a  rise  in  resistance  in  the 
organism  associated  with  the  absorption  of  the  tumor,  or  to  local 
conditions  that  aft'ect  the  nutrition  of  the  growth.  The  interesting 
question,  therefore,  arises  as  to  whether  this  state  of  increased 
resistance  which  prevails  during  the  retrogression  is  general  or  local, 
and  whether  it  is  capable  of  preventing  the  development  of  a  secon- 
dary graft  and  can  be  overcome  by  the  promoting  influence  on  the 
tumor  growth  exercised  by  the  heated  emulsion.  The  incidental 
question  was  also  put,  namely,  wiiether  a  secondary  graft  in  an 
animal  with  a  disappearing  tumor  can  aft'ect  that  tumor  in  such  a 
way  as  to  bring  about  a  renewal  of  its  growth.  Table  VIII  supplies 
the  answer  to  these  questions  as  far  as  they  have  been  worked  out. 

By  a  system  of  measurement  we  were  able  to  ascertain  fairly  pre- 
cisely the  period  at  which  growth  ceased  in  the  tumors  and  retro- 
gression set  in.  In  this  experiment  particular  attention  was  paid 
to  these  two  points.  The  results  seem  to  indicate  that  the  heated 
emulsion  may  overcome  in  some  degree  the  condition  of  the  organism 


J.   W.  Jobling. 


(>5 


that  operates  to  bring  about  tnmor  absorption.  "Jliis  indication, 
which  we  wish  to  state  guardedly,  is  based  on  the  observation  that 
of  the  ten  rats  with  retrogressing  tumors  receiving  the  emulsion, 
in  only  two  did  the  tumors  progress  to  complete  disappearance, 
which  is  in  contrast  to  the  usual  observation.     Generally  speaking, 

TABLE  VIII. 
Secondary  Inoculation  of  Rats  with  Disappearing  Tumors.    No   Treatment. 


1 

Time  period 
since  retrogres-    I 
sion  began.       | 

1 

M 

E  . 

U    ii 

I.S 

3 

Number  trom 

which  the  tumor  1 

disappeared. 

Number  of  these 

rats  developing 

new  tumors. 

Number  in 

which  tumors 

renewed  growth. 

Number  of  these 

rats  developing 

new  tumors. 

Number  in 

which  primary 

tumors  remained 

stationary. 

1 

Number  ol  these 

rats  developing 

tumors. 

30  to  90  days 

10 

5 

none 

3 

3 

2 

2 

Control 

10 

All  developed  tumors 

Emulsion  Ten  Days  Before  Tumor. 


30  to  90  days 

10 

3                  I                  4 

4                  2           1          I 

Control 

10 

All  developed  tumors 

!                     i 

when  retrogression  has  once  begun,  it  proceeds  to  complete  disap- 
pearance, provided  the  animals  survive  the  necessary  period.  More- 
over, wdiile  in  the  control  series  no  new  implantations  developed  in 
animals  in  which  the  primary  tumors  disappeared,  yet  one  of  three 
such  animals  of  the  series  receiving  the  emulsion  developed  a  sec- 
ondary tumor. 

A  further  result  of  this  experiment  was  the  successful  implanta- 
tion of  new  tumor  grafts  upon  rats  with  retrogressing  tumors.  In 
view  of  this  result,  it  may  be  considered  as  doubtful  w'hether  the 
state  of  the  organism  as  a  w^hole  influences  at  all  times  the  local 
tumors  in  respect  to  growth  and  recession,  and  whether  local  activi- 
ties, and  particularly  the  nutritive  conditions,  may  not  well  play  at 
times  the  determining  part.  It  has  been  observed  by  \^elich,  Loeb^ 
and  others  that  the  excision  of  a  partof  a  stationary  or  retrogressing 
tumor  nodule  may  be  followed  by  renewed  activity,  w^hich  is  expli- 
cable most  readily  on  the  supposition  that  the  limitation  of  growth 
is  affected  by  local  conditions.  But  a  somewhat  more  significant 
point  developed  by  this  experiment  is  the  awakening,  as  it  were,  of 

'  Loeb,  Arch.  /.  Anat.,  Physiol,  u.  wissensch.  Med.,  1902,  clxvii,  175. 
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growth  in  the  receding  tumors  by  means  of  a  secondary  inoculation. 
Thus  in  seven  of  twenty  rats  showing  receding  tumors,  a  new  growth 
began,  following  and  apparently  as  the  result  of  the  reinoculation  of 
the  secondary  graft. 

EFFECTS  OF  ORGANIC   SUBSTANCES  ON  TUMOR   GROWTH. 

The  question  which  next  arises  concerns  the  element  of  the  tumor 
emulsion  upon  which  its  promoting  influence  depends.  We  have 
already  stated  that  we  have  not  been  able  to  determine  this  sub- 
stance. We  have,  however,  endeavored  to  ascertain  whether  the 
substance  resides  in  the  fluid  serum  or  lymph  contained  within  the 
emulsified  tumor,  or  within  the  cells  themselves.  We  have  ap- 
proached this  question  indirectly  by  testing  the  effect  of  the  blood 
serum  of  the  rat  itself.  We  have,  moreover,  had  in  mind  in  the 
planning  of  these  experiments  the  statement  of  Gaylord  and 
Clowes,'^  that  the  blood  serum  of  mice  which  have  recovered  spon- 
taneously from  implanted  tumors  exercises  an  immunizing  or  re- 
straining effect  on  the  development  of  implanted  grafts  of  mouse 
tumors,  and  these  effects  are  not  exhibited  by  the  serum  of  normal 
rats.  It  is  true  that  Michaelis,^  Ehrlich^  and  others  have  not  con- 
firmed this  experiment,  but  since  it  lay  in  our  way,  we  have  not 
failed  to  make  certain  observations  to  cover  this  point. 

For  the  purpose  of  this  experiment  the  blood  serum  from  several 
different  series  of  rats  was  employed.  Thus,  the  effects  of  the 
serum  obtained  from  normal  rats  was  compared  with  those  of  the 
serum  obtained  from  rats  which  had  failed  to  develop  tumors  on 
inoculation,  and,  hence,  were  designated  *' negative " ;  from  rats 
which  had  recovered  spontaneously  from  growing  tumors,  and 
designated  "immune";  and  finally,  from  rats  possessing  growing 
tumors  at  the  time  the  serum  was  collected,  and  designated  "  posi- 
tive." This  series  of  experiments  was  controlled  with  bouillon. 
Ringer's  solution,  normal  horse  serum,  and  heated  and  unheated 
emulsion  of  the  tumor  itself.  The  procedures  were  in  different 
experiments  somew^hat  varied,  so  that  this  serum  and  the  other  sub- 

'  Gaylord  and  Clowes,  Johns  Hopkins  Hosp.  Bull.,  1905,  xvi,  130. 

*  Michaelis.  Zeit.  f.  Krehsforsch.,  1906,  iv,  i. 

'Ehrlich,  Arb.  a.  d.  k.  Inst.  f.  exper.  Therapie,  1906,  No.  i,  yy. 
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stances    were    ^i\cn    sometimes    l)cforc    and    sometimes    after    the 
tumcM-  implanlations,  as  is  indicated  in  the  tal)les. 

Table  IX  snnimari/es  the  experiment  made  with  these  substances 
whicli  were  i^ivcn  on  the  day  preceding  that  on  which  tlie  tumor 
implantations  were  made. 

TABLE   IX. 
Effect  on  Tumor  Implantations  of  Blood  Scrum,  etc.,  Given  Preceding  Day. 


Substance  injected. 

Number  of  rats 
inoculated  with  tumor. 

Number  and  per  cent, 
developing  tumors. 

Number  and  per  cent. 

in  which  tumors 

disappeared. 

None — control 
Bouillon — control 
Normal  rat  serum 
"  Positive  "  rat  serum 
*'  Negative  "  rat  serum 
*'  Immune  "  rat  serum 

lO 
lO 
10 

5 
6 

4 

lO  ( lOO) 
5   (SO) 

8  (8o) 
5  (loo) 

5(83) 

4  (100) 

3(30) 

4  (80) 

7(87.5) 
3  f6o) 
2(40) 
1(25) 

The  summary  is  instructive,  since  it  shows,  apparently,  that  the 
bouillon  exercises  a  certain  restraining  effect,  and  that  next  to  the 
bouillon  the  normal  rat  serum  is  the  most  influential  substance.  On 
the  other  hand,  the  serum  from  the  so-called  "  positive  "  rats  did  not 
restrain  the  original  taking  of  the  grafts,  while  of  the  series  of  five 
animals  employed  three  subsequently  suffered  retrogression  of  the 
tumors,  which  is  a  much  higher  percentage  than  the  retrogressions 
suffered  by  the  control  series.  The  serum  from  the  rats  designated 
**  negative  "  and  "  immune  "  affected  the  original  implantations  and 
retrogressions  practically  not  at  all  as  compared  w^ith  the  control 
series. 

TABLE  X. 
Effect  on  Tumor  Implantations  of  Blood  Serum,  etc.,  Given  Following  Day. 


Substance  injected. 

Number  of  rats  inocu- 

Number and  per  cent. 

Number  and  per  cent,  in 

lated  with  tumor. 

developing  tumors. 

which  tumors  disappeared 

None — Control 

10 

2    (20) 

I    (50) 

Bouillon — Control 

10 

3  (30) 

2  (66) 

Horse  serum — Control 

10 

2  (20) 

I   (SO) 

Ringer's  solution — Control 

10 

6  (60) 

5  (83) 

Normal  rat  serum 

10 

6  (60) 

5   (83) 

"  Positive  "  rat  serum 

4IO 

3  (70 

3  (100) 

"  Negative  "  rat  serum 

10 

4  (40) 

2  (50) 

"  Immune  "  rat  serum 

10 

4  (40) 

3  (75) 

Heated  emulsion 

ID 

ID    (100) 

5  (50) 

'°  Six  of  the  ten  rats  inoculated  died  soon  after  the  inoculation. 
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Table  X  exhibits  the  effects  of  the  injections  of  the  various  sub- 
stances carried  out  on  the  day  following  the  tumor  implantations. 

It  chanced  that  in  this  experiment  the  implanted  tumor  was  of 
poor  growing  property.  In  some  respects  this  was  an  advantage, 
inasmuch  as  it  allowed  for  the  play  and  exhibition  of  influences  that 
are  not  so  easily  detectable  where  the  power  of  growth  is  maximum. 
It  is  clear  from  the  experiment  that  the  rat  sera  tend  rather  to  pro- 
mote than  to  inhibit  the  success  of  the  implantations,  but  what  is  par- 
ticularly striking  in  this  experiment  is  the  promoting  influence  on 
the  original  tumor  graft  of  the  heated  emulsion. 

Table  XI  exhibits  the  influence  of  these  substances  when  given 
ten  days  before  the  tumor  implantation. 


TABLE  XI. 
Effect  on  Tumor  Implantation  of  Blood  Scrum,  etc.,  Given   Ten  Days  Before. 


'Substance  injected. 

Number  of  rats  in- 

Number and  per  cent. 

Per  cent,  in  which 

oculated  with  tumor. 

developing  tumors. 

tumors  disappeared. 

None — Control 

lO 

8  (8o) 

75 

Bouillon — Control 

lO 

7  (70) 

71 

Horse  serum — Control 

lO 

6  (60) 

ZZ 

Ringer's  solution — Control 

lO 

7  (70) 

71 

Normal  rat  serum 

lO 

9  (90) 

33 

*'  Positive  "  rat  serum 

lO 

9  (90) 

33 

"  Negative"  rat  serum 

10 

8  (80) 

62 

*'  Immune  "  rat  serum 

lO 

9  (90) 

33 

Unheated  emulsion,  subcutaneously 

lO 

6  (60) 

100 

Unheated  emulsion,  intraperitoneally 

lO 

7  (70) 

85.6 

Heated  emulsion  intraperitoneally 

9 

9  (loo) 

22 

It  supports  the  previous  observations  in  indicating  that  the  nature 
of  the  rat  serum  plays  no  part  in  determining  the  result  of  the 
implantations,  and  that  of  all  the  substances  employed  the  heated 
emulsion  alone  produces  a  marked  and  undeniable  influence  on  the 
growth  and  persistence  of  the  grafts. 

The  several  tables  bring  out  in  spite  of  certain  irregularities  the 
important  data  sought  by  the  experiments.  It  is  perhaps  possible 
to  inhibit  in  some  degree  tumor  development  by  injecting  into  the 
body  a  short  time  before  the  tumor  fragments  are  implanted  certain 
relatively  indifferent  fluids,  of  which  bouillon  seems  to  be  as  active 
as  any.  On  the  other  hand,  the  injection  at  any  period,  as  regards 
the  tumor  implantations,  of  the  serum  of  the  blood  of  the  rat. 
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whether  obtained  from  normal  animals,  animals  carrying  tumors, 
failing  to  develop  tumors,  or  recovering  from  them,  entirely  fails 
to  produce  any  effect  either  in  the  direction  of  restraining  or  of 
promoting  growth.  It  is,  therefore,  safe  to  conclude  that  the  prop- 
erty affording  resistance  or  relative  immunity  to  certain  rats  to  the 
primary  inoculation,  or  developed  through  spontaneous  recovery 
from  tumors  once  successfully  implanted,  does  not  reside  in  the 
serum  of  the  blood  of  these  animals. 

EFFECT    OF    BLOOD    CORPUSCLES    AND    OTHER    TISSUES    ON 

TUMOR   GROWTH. 

Bashford^^  observed  that  the  injection  of  the  blood  of  the  mouse 
exercised  a  restraining  influence  on  the  development  of  mouse 
tumors.  Schoene^^  observed  that  the  injections  of  suspensions  of 
mouse  embryos  produced  a  similar  effect,  and  Michaelis^^  and 
BorreP*  observed  that  the  injections  of  suspensions  of  liver  and 
spleen  acted  apparently  in  the  same  manner.  The  activity  of  the 
blood  in  this  respect  was  shown  by  Bash f or d^^  to  depend  on  the 
corpuscles,  and  not  to  reside  in  the  serum,  and  it  may  be  assumed 
that  in  the  other  cases  mentioned  it  is  also  the  cellular  elements  and 
not  the  fluids  upon  which  the  activities  depend.  The  experiments 
to  be  related  refer  to  the  effects  of  blood  corpuscles  separated  from 


TABLE  XII. 
Effect  on  Tumor  Growth  of  Blood  Corpuscles  Given  on  Preceding  Day. 


Substance  injected. 


None — control 
Bouillon — control 
Ringer's  solution — control 
Normal  rat  serum 
Washed  rat  corpuscles 
Unheated  emulsion 
Heated  emulsion 


Number  of  rats 
inoculated  with  tumor. 


lO 

lO 
lO 

9 

lO 

8 
9 


Number  and  per  cent, 
developing  tumors. 


lO  fioo] 
6  (60) 


9  (90) 

8  (88) 

9  (90) 

7  (87.5) 
9  (100) 


Number  and  per  cent. 

in  which  tumors 

disappeared 


(70) 
(50) 
{33) 
(12.5) 

(66.6) 
(42.8) 
(66.6) 


"  Bashford,  Annual  Report  of  the  Imperial  Cancer  Research  Fund,  1906,  iv,  5. 
"  Schoene,  Munchener  med.  Woch.,  1907,  liii,  2517. 

"Michaelis,    Zeit.    f.    Krehsforsch.,    1906,    iv,    i ;    Dent.    med.    Woch.,    1907, 
xxxiii,  1826. 

"  Borrel,  Bull,  de  I'Inst.  Pasteur,  1907,  v,  605. 
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the  serum,  washed,  suspended  in  salt  solution,  and  injected  into  the 
body,  on  the  tumor  implantations.  The  blood  corpuscles  and  the 
substances  used  for  controls  were  injected  on  the  day  preceding  the 
implantation  of  the  tumor,  or  ten  or  twenty  days  preceding  that 
operation. 

Table  XII  exhibits  the  effects  produced  on  the  tumor  growth  by 
an  injection  of  corpuscles  made  on  the  day  preceding  the  tumor 


grafts. 


At  the  end  of  this  brief  period  no  effect  has  been  produced,  since 
the  number  of  successful  inoculations  is  about  the  same  as  those  of 
the  controls,  which  indeed  is  maximum,  while  the  number  of  retro- 
gressions is  about  the  equivalent  of  the  controls,  indicating  that  no 
marked  inhibition  of  growth  through  the  development  of  increased 
resistance  has  been  produced.  On  the  other  hand,  the  effect  of 
the  injections  of  blood  corpuscles  ten  days  before  the  tumor  implan- 
tation is  tinmistakable,  since,  as  Table  XIII  shows,  not  only  is  the 
number  of  successful  inoculations  greatly  reduced,  as  compared 
with  the  control,  but  all  of  the  tumors  which  originally  developed 
underwent  subsequent  retrogression  and  disappeared. 

TABLE  XIII. 
Effect  of  Blood  Corpuscles  Giz^en   Ten  Days  Before   Tumor  Implantation. 


Substance  injected. 

Number  of  rats 
inoculated  with  tumor. 

Number  and  per  cent, 
developing  tumors. 

Number  and  per  cent. 

in  which  tumors 

disappeared. 

None — control 
Normal  rat  serum 
Washed  corpuscles 

lO 
lO 
lO 

lO  ( lOO) 

8  (80) 
4  (40) 

0 

4  (50) 
4  (100) 

The  effect  of  the  blood  corpuscles  is  still  present  as  late  as  twenty 
days  after  their  injection,  as  can  be  seen  by  reference  to  Table  XIV. 

TABLE   XIV. 
Effect  of  Blood  Corpuscles  Given  Tzuenty  Days  Before  Tumor  Implantation. 


Subtance  injected. 

Number  of  rats 
inoculated  with  tumor. 

Number  and  per  cent, 
developing  tumors. 

Number  and  per  cent. 

in  which  tumors 

disappeared. 

None — control 
Normal  rat  serum 
Washed  corpuscles 

10 
10 
10 

10  (100) 
10  (100) 

7  (70) 

3  (33) 
2  (20) 

5  (71.4) 
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Apparently  the  effect  is  disappearing,  since  the  number  of  suc- 
cessful implantations  has  not  only  increased  over  those  of  the  ten- 
day  period,  although  still  smaller  than  the  controls,  but  the  number 
of  retrogressions  has  also  diminished. 

"Die  effects,  therefore,  of  the  injection  of  washed  corpuscles  of 
the  rat  into  the  peritoneal  cavity  on  the  development  of  grafts  of 
this  rat  tumor  placed  beneath  the  skin  is  shown  by  these  experiments 
to  be  considerable.  The  effect  is  not  developed  within  twenty-four 
hours  of  the  injection  of  the  corpuscles,  at  which  time  such  inhibi- 
tion as  has  been  afforded  by  bouillon,  for  example,  is  at  its  height. 
But  at  the  expiration  of  ten  days  the  inhibitory  effect  of  the  washed 
corpuscles  is  very  great,  and  this  effect  is  still  appreciable  at  the 
expiration  of  twenty  days,  but  how  much  longer  it  persists  we  have 
not  undertaken  to  ascertain.  This  is  in  conformity  with  Bash  ford's 
observations  on  mice,  who  found  that  the  refractory  condition 
produced  by  the  injection  was  not  so  marked  four  days  after  the 
injection  as  at  the  expiration  of  ten  days,  and  that  it  persisted  for 
at  least  three  weeks. 

The  final  experiment  of  this  series  was  made  with  emulsions  of 
several  organs  in  a  manner  similar  to  that  employed  with  the  blood 
corpuscles  and  also  with  the  emulsions  of  the  tumor.  These  sus- 
pensions were  injected  into  the  peritoneal  cavity,  and  ten  days  later 
the  implantations  of  the  tumor  fragments  were  made  beneath  the 
skin.     Table  XV  summarizes  the  results  of  this  experiment. 


TABLE  XV. 
Effect  on  Tumor  Growth  of  Organ  Emulsions  Given  Ten  Days  Before. 


Substance  injected. 

Number  of  rats 
inoculated  with  tumor. 

Number  and  per  cent, 
developing  tumors. 

Number  and  per  cent. 

in  which  tumors 

disappeared. 

None — control 

lO 

8  (8o) 

7(75) 

Unhealed  liver 

lO 

6  (6o) 

3(50) 

Heated  liver 

10 

4  (40) 

I  (25) 

Unhealed  muscle 

lO 

8  fSo) 

3  (37) 

Heated  muscle 

lO 

8  (So) 

I    (lO) 

Unhealed  spleen 

lO 

8  (So) 

3  (37) 

Heated  spleen 

lO 

5  (50) 

2  (40) 

Unhealed  kidney 

lO 

8  (So) 

3  (37) 

Healed  kidney 

lO 

8  (8o) 

4(50) 

Unhealed  testicle 

10 

8  (8o) 

2  (25) 

Heated  testicle 

lO 

8  (8o) 

2  (25) 

Unhealed  tumor 

10 

5  (50) 

4  (80) 

Heated  tumor 

lO 

10  ( 100) 

8  (80) 
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It  is  obvious  from  examination  of  the  table  that  emulsions  of  the 
organs  produce  no  remarkable  change  in  the  organism  of  the  rats, 
through  which  the  development  of  the  tumor  grafts  is  seriously 
inhibited.  There  are,  indeed,  four  places  in  the  table  which  indicate 
that  inhibition  of  some  degree  had  taken  place.  These  are  in  con- 
nection w^ith  the  heated  and  unheated  liver,  the  heated  spleen,  and 
the  unheated  tumor  emulsion.  The  greatest  degree  of  inhibition 
observed  w^as  in  connection  with  the  heated  liver,  but  as  compared 
with  the  action  of  the  blood  corpuscles  it  may  be  said  that  the  organs 
containing  much  blood  tend  to  be  more  inhibitory  than  those  which 
contain  little  blood,  and  no  action  would  appear  to  be  exerted  by  the 
cells  peculiar  to  the  organs.  Lastly,  as  far  as  the  results  obtained 
from  the  heated  organic  emulsions  can  be  compared  with  those 
obtained  from  the  heated  tumor  emulsions,  they  may  be  said  to  be 
of  the  reverse  character. 


iReprin  cd  from  Scientific  Monograph,  No.   i,   iqto.] 


EXPERIMENTS  ON  THE  INFLUENCE  OF  RADIUM 
BROMIDE  ON  A  CARCINOMATOUS  TUMOR 

OF  THE  RAT. 

By  maud  L.  MENTEN. 

(From  the  Laboratories  of  the  Rockefeller  Institute  for  Medical  Research, 

New  York.) 

INTRODUCTION. 

A  considerable  number  of  observations  have  already  been  pub- 
lished regarding  the  use  of  radiation  by  means  of  radium  bromide 
in  the  treatment  of  malignant  tumors.  One  of  the  earliest  inves- 
tigators of  the  subject  was  Exner/  who  employed  it  in  the  treat- 
ment of  epithelioma  and  sarcoma,  and  who  w^as  the  first  to  report 
on  the  microscopic  examination  of  tumors  so  treated.  He  noted 
particularly  the  overgrowth  of  connective  tissue  which  preceded  the 
disappearance  of  the  tumor  cells,  and  which  corresponded  in  amount 
more  or  less  with  the  reduction  in  size  of  the  growth.  The  obser- 
vations which  followed  Exner's  publication  were  not  always  so 
favorable.  The  greater  number  of  reports  emphasized  the  bene- 
ficial effects'  of  radium  upon  rodent  ulcer,  which  unless  it  extends 
over  a  wide  surface  is  said  readily  to  improve  and  to  disappear  com- 
pletely under  the  influence  of  the  radiations.  Those  who  have 
reported  successful  results  are  Lehmann,^  Foreau  de  Courmelles,^ 

^  Exner,  Ueber  die  Behandlung  von  Oesophaguskarzinom  mil  Radium-strahlen, 
Wiener  klin.  Woch.,  1904,  xvii,  96;  Ueber  die  Art  der  Riickbildung  von  Karzi- 
nommetastasen  imter  der  Einwirkung  der  Radiiimstrahlen,  ihid.,  p.  181 ;  Ueber 
die  bisherigen  Datierresultate  nach  Radiumbehandlung  von  Karzinomen,  Deut- 
sche Zeit.  f.  Chirurgie,  1904,  Ixxv,  379. 

^  Lehmann,  Essai  sur  Taction  therapeutique  du  Radium,  Arch.  gen.  de  nied., 
1906,  i,  1301. 

'Foreau  de  Courmelles,  Un  peu  d'histoire  de  la  therapeutique  du  radium, 
Actualites  medicales,  1904,  xvi,  84. 
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Czerney,^  Braunstein,^  McLeod,^  Sichel/  Mclntyre,®  Davidson,® 
Scholz,^*^  Schwarz/^  Abbe/^  and  others.  There  is  difference  of 
opinion  as  regards  its  merits  in  the  treatment  of  epitheHomata 
proper.  Undoubtedly  a  considerable  number  o f  growths  thus  treated 
begin  to  improve  almost  immediately,  and  gradually  entirely  dis- 
appear, while  others,  apparently  similar,  continue  on  the  contrary 
to  extend  in  spite  of  the  treatment.  Thus  Lehmann,  Abbe,  Czerney 
and  Scholz  report  cures  in  many  cases,  and  Foreau  de  Courmelles 
speaks  of  improvement  through  its  use,  while  others  report  either 
negative  or  very  transitory  beneficial  effects.  The  results  with  the 
more  malignant  forms  of  tumors  have  been  almost  uniformly 
unpromising.  In  the  case  of  carcinoma  of  the  esophagus  producing 
constriction,  it  has  been  possible  through  the  use  of  a  specially  con- 
structed apparatus  to  produce  amelioration  of  some  of  the  most  dis- 
tressing symptoms  which  result  from  the  obstruction  (Exner  and 
Einhorn)/^  but  in  no  case  was  a  cure  effected.  Abbe  states  that 
he  observed  carcinomata  to  disappear  under  the  influence  of  radium, 
but  he  also  states  that  there  was  a  marked  tendency  towards 
recurrence. 

The  results  obtained  through  the  employment  of  radium  in  trans- 
plantable mouse  tumors  have  been  more  gratifying.     Apolant^* 

*  Czerney,  Zeit.  f.  Krehsforsch.,  1907,  v,  27. 

"  Braimstein,  Ueber  die  Wirkung  der  Radium-emanation  auf  bosartige  Tu- 
moren,  Thcrapie  d.  Gegenwart,  1904,  xlv,  412. 

*  McLeod,  Further  Observations  on  the  Therapeutic  Value  of  Radium,  Brit. 
Med.  Jour.,  1904,  i,  1366.  '  Sichel,  Brit.  Med.  Jour.,  1904,  i,  182. 

'  Mclntyre,  Radium  and  Its  Therapeutic  Effects,  Brit.  Med.  Jour.,  1903,  ii,  1524. 
'  Davidson,  Radium  Bromide,  Brit.  Med.  Jour.,  1904,  i,  181. 
^^  Scholz,   Ueber  die  physiologische   Wirkung  der   Radium-strahlen  und   ihre 
therapeutische  Verwendung,  Deutsche  med.  Woch.,  1904,  xxx,  94. 

"  Schwarz,  Ueber  die  Wirkung  der  Radium-strahlen,  Pfliigers  Archiv,  1903, 

c,  532. 

"  Abbe,  The  Subtle  Power  of  Radium,  Med.  Record,  1904,  Ixvi,  321 ;  The 
Specific  Action  of  Radium  as  a  Unique  Force  in  Therapeutics,  ibid.,  1907,  Ixxii, 
583.     Radium  in  Surgery,  Jour,  of  the  American  Med.  Assn.,  1906,  xlvii,  183. 

^"  Einhorn,  Radium  Treatment  of  Cancer  of  the  Esophagus,  Jour,  of  the 
American  Med.  Assn.,  1905,  xiv,  8;  Radium  Receptacles  for  the  Stomach,  Eso- 
phagus, and  Intestines,  Med.  Record,  1904,  Ixv,  399. 

"Apolant,  Ueber  die  Einwirkung  der  Radium-strahlen  auf  das  Karzinom  der 
Mause,  Deutsche  med.  Woch.,  1904,  xxx,  454;  Ueber  die  Riickbildung  der 
Maiisekarzinome  unter  dem  Einfluss  der  Radium-strahlen,  Deutsche  med.  Woch., 
1904,  xxx,  1 1 26. 
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caused  the  inoculated  caicir.onia  in  mice  to  under^^o  retrogression 
in  all  the  animals  exposed  to  the  radiations,  and  a  large  percentage 
subsequently  entirely  disappeared,  lie  states  as  a  result  of  the 
microscopical  examination  of  tumors  exposed  to  radium  that  no 
relation  existed  between  the  amount  of  radiation  and  the  degree  of 
change  induced,  and  he  advanced  the  theory  that  the  primary  action 
of  the  rays  was  on  the  tumor  cells,  and  that  there  resulted  from  this 
a  secondary  stimulus  which  led  to  an  overgrowth  of  the  connective 
tissue  that  was  characteristic  of  the  disappearing  tumors.  Bash- 
ford,  ^^  who  used  the  Jensen  tumor,  corroborated  Apolant's  results, 
but  he  attributed  the  injurious  action  of  the  radium  to  a  variety  of 
factors. 

EXPERIMENTAL    OBSERVATIOXS. 

The  radium  used  in  the  experiments  to  be  related  was  kindly 
supplied  by  Mr.  Hugo  Lieber,  of  New^  York,  and  later  by  Dr. 
Robert  Abbe.  The  specimens  supplied  by  Mr.  Lieber  were  con- 
tained in  hard  rubber  capsules  covered  wnth  a  mica  plate,  and  in  the 
form  of  celluloid  coatings.  Of  the  former  there  were  three  grades: 
(i)  10  milligrams  of  so-called  1,000,000  activity;  (2)  25  milli- 
grams of  so-called  10,000  activity;  and  (3)  25  milligrams  of 
so-called  1,000  activity.  The  celluloid  disks  were  coated  with  gel- 
atin containing  radium  of  10,000  and  25,000  so-called  activities. 

These  latter  coatings  are  said  to  possess  the  advantage  of  yielding 
the  maximal  action  of  all  the  rays  emitted,  since  they  can  be  brought 
into  immediate  contact  W'ith  the  skin  without  any  intervening  sub- 
stance which  may  absorb  the  less  penetrating  rays.  As  far  as  could 
be  ascertained  with  the  apparatus  at  hand,  and  through  the  use  of 
the  electroscope,  no  loss  in  activity  took  place  from  the  coatings 
after  they  had  been  in  contact  with  the  underlying  tissues,  although 
the  tissues  themselves  w^ere  proven  to  have  become  radio-active. 
The  coatings  were  bound  by  means  of  plaster  strips  to  the  skin  cov- 
ering the  tumors,  and  the  capsules  were  fitted  into  small  felt  pads 
possessing  circular  openings  and  were  also  bound  in  the  same  manner 

"  Bashford,  Action  of  Radium  on  Transplanted  T^Ionse  Tumors  and  Its 
Relation  to  the  Spontaneous  Arrest  of  Their  Growth,  Scientific  Report  of  the 
Imperial  Cancer  Research  Fund,  1905,  No.  2,  Part  11,  p.  56. 
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to  the  skin.  The  period  of  radiation  ranged  from  five  minutes  to 
six  hours,  and  there  was  also  considerable  variation  in  frequency 
of  treatment. 

The  rat  tumors  subjected  to  radiation  belonged  to  the  transplan- 
tation generations  between  the  ninth  and  the  seventeenth,  inclusive, 
and  corresponded  to  the  stage  of  simple  carcinoma  and  adeno-car- 
cinoma.  The  method  was  to  select  a  number  of  inoculated  animals 
for  radiation,  and  to  retain  a  similar  number  of  animals  in  a  corre- 
sponding condition,  as  controls.  The  size  of  the  tumors  at  the 
beginning  of  the  radiation  varied  from  0.5  to  2  centimeters  in 
diameter. 

It  is  noteworthy  that  the  effects  of  the  first  radiations  were  very 
severe,  not  on  the  tumor  so  much  as  on  the  general  condition  of 
the  animals.  That  is  to  say,  all  the  rats  subjected  to  radiation  in 
the  first  few  days  of  the  experiment  died.  This  result  was  attrib- 
uted to  the  fact  that  the  radium  had  been  lying  undisturbed  in  a 
leaden  box  for  a  period  of  some  months,  and  there  had,  therefore, 
been  an  accumulation  of  rays  and  possibly  the  alpha  rays  especially, 
which  proved  injurious  in  the  manner  indicated.  A  similarly  unfor- 
tunate result  followed  the  first  application  of  the  celluloid  coatings, 
w^hich  had  also  remained  unused  for  several  months.  Later  on, 
after  the  treatment  had  been  inaugurated,  no  such  deleterious  effects 
were  encountered. 

In  all  but  three  of  the  animals  submitted  to  radiation  with  the 
Lieber  specimens  the  nodules  continued  to  grow.  Complete  dis- 
appearance occurred  in  three  instances  after  radiation  with,  the 
1,000,000  specimen.  These  animals  show^ed  on  subsequent  post- 
mortem examination  normal  organs.  At  first  sight  it  might  appear 
that  the  disappearance  of  these  tumors  was  referable  to  the  radiation, 
but  in  view^  of  the  considerable  tendency  to  spontaneous  retrogres- 
sion exhibited  by  this  tumor  this  assumption  is  not  w^holly  justified. 
Indeed,  the  decision  in  this  case  w^ould  have  to  be  made,  not  from 
the  number  of  retrogressions  occurring,  but  rather  from  the  number 
of  tumors  which  continued  to  extend.  Viewed  in  this  light,  the 
inevitable  decision  would  be  that  the  radiations  had  not  produced 
the  disappearance  of  the  tumors. 

There  is  one  cause  of  temporary  diminution  in  the  size  of  the 
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tumors  subjected  to  radiation  that  should  be  mentioned.  When 
ulceration  takes  place  there  occurs  fre(juently  an  apparent  diminu- 
tion in  the  size  of  the  nodules,  but  this  is  produced  through  the  loss 
of  tissue  from  sloughing  and  subsequent  collapse  of  tlic  peripheral 
thin  shell  remaining.  The  ulceration  tends  to  occur  earlier  in  the 
radiated  than  in  the  non-radiated  nodules,  probably  because  of  the 
injury  to  the  skin  produced  by  the  radiation.  Now  the  tumors 
which  have  undergone  this  early  ulceration,  far  from  being  retarded 
in  their  growth,  continue  to  extend  actively  at  the  borders  and  ulti- 
mately to  produce  metastases  and  to  cause  death. 

A  series  of  experiments  was  made  on  animals  which  had  received 
the  tumor  inoculations  on  the  two  sides  of  the  body.  The  purpose 
of  the  experiments  was  to  ascertain  if  the  radium  when  applied  to 
the  tumor  on  one  side  would  exert  any  influence  on  the  growth  of 
the  tumor  on  the  opposite  side  of  the  body,  or  if  the  structure  of 
the  tumors  on  the  two  sides  would  exhibit  any  marked  differences. 
The  results  of  the  experiments  indicated  that  no  special  influence 
was  exerted  by  the  radiation  either  on  the  tumor  immediately  treated 
or  on  the  one  on  the  opposite  side.  The  relative  rates  of  growth 
showed  nothing  that  the  controls  did  not  also  show,  and  the  micro- 
scopical characters  of  the  two  sets  of  tumors  were  also  in  agreement. 

At  the  conclusion  of  the  first  series  of  experiments,  which  were 
quite  negative  in  result,  we  secured  through  the  kindness  of  Dr. 
Abbe  the  use  of  a  preparation  of  radium  much  stronger  than  any 
which  we  had  previously  employed.  This  specimen  consisted  of  a 
hard  rubber  capsule  as  described,  containing  ten  milligrams  of 
1,800,000  radio-active  radium  bromide.  This  constitutes  what  Dr. 
Abbe  calls  a  standard  cell.  Through  its  use  and  his  aid  by  the  use 
of  his  photographic  method  we  were  able  to  standardize  the  various 
preparations  loaned  us  by  Mr.  Lieber.  Thus  the  specimen  contain- 
ing ten  milligrams  of  1,000,000  radium  was  shown  to  be  %  of  the 
standard  strength,  and  the  twenty-five  milligrams  of  10,000,  %5  of 
of  the  standard  strength.  The  coatings  of  10,000  and  25,000  radio- 
activity were  respectively  about  Vooo  and  %oo  of  the  standard  cell. 
To  obtain  the  theoretical  effects  of  the  standard  cell  it  would  there- 
fore  be   necessarv   to   continue   the    radiations    with    the    weaker 
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preparations  as  many  times  longer  as  they  are  weaker  than  the 
standard  cell. 

Twenty- four  rats  possessing  tumors  were  subjected  to  radiation 
with  Dr.  Abbe's  standard  cell,  of  which  nineteen  were  radiated  for 
one  hour,  two  for  two  hours,  one  for  three  hours,  one  for  one  hour 
and  twenty-five  minutes,  and  one  for  one  hour  and  twelve  minutes. 
The  size  of  the  tumors  in  this  series  of  rats  at  the  time  of  the  radia- 
tion ranged  from  0.4  by  0.6  centimeters  to  i.o  by  1.6  centimeters. 

The  first  noticeable  effect  of  the  radiations  was  the  loss  of  hair 
over  the  radiated  area,  which  was  accompanied  by  a  severe  derma- 
titis, followed  from  ten  days  to  two  wxeks  later  by  ulceration  in 
several  nodules.  The  area  of  necrosis  and  original  ulceration  cor- 
responded exactly  to  the  dimensions  of  the  overlying  exposed  sur- 
face of  the  radium.  The  ulcers,  once  formed,  extended  afterwards. 
In  six  of  these  twenty-four  animals  the  tumors  underwent  shrink- 
age, and  in  four  of  these  six,  in  which  the  tumors  were  much  smaller, 
they  completely  disappeared.  To  some  of  the  animals  which  sur- 
vived and  in  which  retrogression  did  not  take  place,  a  second  radia- 
tion of  one  hour  was  given  a  month  later,  but  no  influence  was 
exerted  on  the  progress  of  the  tumors.  The  results  of  this  experi- 
ment must  be  interpreted  in  the  manner  of  the  last,  that  is  to  say, 
the  retrogressions  were  not  more  numerous  than  often  occur  spon- 
taneously, and  the  fact  that  so  many  of  the  tumors  continued  to 
extend  in  spite  of  the  radiations  indicates  that  this  tumor  when 
developing  beneath  the  skin  is  not  subject  to  marked  inhibition  of 
growth  through  the  radiation. 

In  order  to  represent  the  experiments  which  were  carried  out, 
and  the  results  obtained,  the  number  of  animals  in  each  experiment, 
as  well  as  the  nature  of  the  experiment,  will  be  stated. 

Nine  rats  were  treated  with  the  radium  coatings.  The  radia- 
tions were  repeated  weekly  during  the  life  of  the  animals.  In  no 
case  did  the  tumors  disappear,  and  in  every  case  but  one  in  w^hich 
there  was  survival  beyond  the  first  few  days  following  the  first 
radiation  there  was  increase  in  size.  In  one  instance  a  partial 
shrinkage  of  the  tumor  took  place,  but  complete  disappearance  never 
occurred. 

Nineteen  rats  were  submitted  to  radiation  with  the  capsule  of 
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lo.ooo  radium  hioniidc.  11ic  niinil)cr  oi  exposures  varied  from 
one  to  Iwcnly-four.  In  two  animals  only  did  the  tumors  disap- 
pear. In  all  the  others  they  continued  to  extend.  Hence  no  effect 
on  the  development  of  the  tumor  was  exerted  by  these  radiations. 

Eighteen  rats  were  submitted  to  radiation  with  the  1,000,000 
specimen  of  radium  bromide.  The  radiations  ranged  from  one  to 
ninety  in  number,  and  from  a  few  minutes  to  several  hours  in  dura- 
tion. In  one  instance  only  was  there  complete  disappearance  of  the 
tumor,  and  in  four  instances  was  there  practical  arrest  of  the  growth. 

Twenty- four  rats  were  submitted  to  radiation  with,  the  1,800,000 
specimen  of  radium  bromide.  In  four  rats  the  tumors  completely 
disappeared  and  in  two  others  there  was  arrest  of  development.  In 
the  others  the  tumors  extended  until  the  death  of  the  animals. 

Six  rats  in  which  tumors  were  growing  on  both  sides  of  the  body 
were  submitted  to  radiation  of  the  tumor  on  one  side.  The  number 
of  radiations  varied  from  two  to  fifteen.  The  radium  employed 
consisted  of  the  10,000  and  1,000,000  capsules.  No  appreciable 
healing  effects  were  produced. 

The  almost  uniformly  negative  results  obtained  wnth  the  radium 
in  the  treatment  of  the  rats  led  to  the  testing  of  the  radium  prepa- 
rations on  certain  mouse  tumors.  The  Jensen  tumor,  which  had 
previously  been  studied  in  this  respect  by  Bashford,  was  first  chosen. 
Eight  mice,  for  which  a  number  of  control  animals  were  kept,  were 
submitted  to  radiation  with  the  several  Lieber  preparations,  for 
varying  periods  of  time.  In  six  of  these  eight  the  tumors  com- 
pletely disappeared  in  from  two  weeks  to  two  months.  The  two 
tumors  which  had  not  completely  disappeared  were  found  on  micro- 
scopical examination  to  be  completely  necrotic.  No  living  cells 
were  found  in  the  tumor  nodules  proper.  The  next  experiments 
with  mice  were  carried  out  with  animals  in  which  the  Ehrlich  sar- 
coma was  developing.  The  Abbe  standard  cell  w^as  employed,  and 
the  radiation  continued  for  one  hour.  No  appreciable  effect  was 
exerted  upon  this  tumor,  which  continued  to  grow  in  all  the  animals 
as  it  did  in  the  controls.  On  subjecting  these  tumors  to  micro- 
scopical examination,  no  differences  in  structure  as  compared  with 
the  unradiated  specimens  could  be  discovered. 
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CONCLUSIONS. 

The  carcinoma  of  the  rat  with  which  we  have  dealt,  when  devel- 
oping in  the  form  of  nodules  beneath  the  skin  and  near  the  surface, 
is  not  subject  to  inhibition  of  growth  and  such  injury  as  tends  to 
produce  retrogression  through  the  influence  of  radium  emanations. 
White  rats  are,  on  the  other  hand,  highly  susceptible  to  the  injurious 
effects  of  certain  of  the  radium  emanations,  which  may  produce 
death  within  a  short  time  following  the  exposure.  The  local 
injurious  effects  of  the  emanations,  when  producing  no  general  dis- 
turbance in  the  condition  of  the  animals,  suffice  often  to  cause  fall- 
ing out  of  the  hair,  the  development  of  a  severe  dermatitis  and 
ulceration  of  the  skin  and  the  tumors.  The  extension  of  the  tumors 
at  the  edges  of  the  ulcer  is  not  materially  restrained. 

The  Jensen  mouse  tumor  has  been  found  by  us  as  by  others  to  be 
readily  subject  to  the  injurious  eft'ects  of  the  radium  emanations, 
which  act  upon  it  in  such  a  manner  as  to  lead  to  its  disappearance 
without  causing  appreciable  injury  to  the  general  health  of  the  mice 
in  which  the  tumor  is  growing.  On  the  other  hand,  the  Ehrlich 
spindle-cell  sarcoma  of  mice  is  not  subject  to  the  inhibiting  influence 
of  the  radium  emanations,  but  continues  to  grow  without  apparent 
diminution  of  energy,  in  a  manner  similar  to  the  control  animals  not 
submitted  to  radiation. 
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SPONTANEOUS  TUMORS  OF  THE  MOUSE. 
By  J.  W.  JOBLING,  M.D. 

{From  the  Laboratories  of  the  Rockefeller  Institute  for  Medical  Research, 

New  York.) 

Plates  XVII-XXVIII. 

Since  Hanau^  first  showed,  with  a  carcinoma  of  the  rat,  the 
possibiHty  of  successful  transplantation  of  a  malignant  tumor  from 
one  animal  to  another  of  the  same  species,  numerous  observations 
ha\e  been  made  along  similar  lines. ^  Morau^  showed  that  the 
mouse  was  subject  to  transplantation  of  carcinomatous  tumors,  and 
Loeb"*  demonstrated  that  other  carcinoma  and  sarcoma  could  be 
successfully  transplanted  in  rats.  Jensen,^  and  later  Loeb,  carried 
out  careful  histological  examinations  of  fragments  of  transplantable 
mouse  tumors,  removed  at  varying  periods  following  inoculation,  and 
ascertained  that  the  new  development  of  the  tissue  took  place  en- 
tirely from  the  transplanted  epithelial  cells  and  not  from  the  tissue 
of  the  host.  Bashford^  has  not  only  confirmed  these  observations, 
but  he  has  shown  conclusively  that  the  stroma  of  the  tumors  is  the 
element  that  is  derived  from  the  host.  In  recent  years  an  immense 
activity  has  developed  in  connection  with  the  experimental  study 
of  transplantable  tumors,  and  many  facts  of  fundamental  biological 
importance  have  been  settled  in  the  course  of  this  experimental 
investigation.     In  the  following  paper  no  special  reference  will  be 

^  Hanau,  A.,  Fortschr.  d.  Med.,  1889,  vii,  321. 

■  It  is  historically  of  interest  to  allude  to  the  unsuccessful  attempt  of  Joseph 
Leidy  to  transplant  a  human  mammary  carcinoma  into  the  frog,  reported  by  him 
to  the  Academy  of  Natural  Sciences  of  Philadelphia  in  185 1  (Proc.,  v,  p.  201). 
Four  pieces  of  the  tumor,  each  half  an  inch  long  by  one-eighth  of  an  inch 
broad  and  thick,  were  inserted  beneath  the  integument  of  the  back  of  a  large  frog. 

'  Morau,  H.,  Arch,  de  med.  exper.  et  d'anat.  path.,  1894,  vi,  677. 

*Loeb,  L.,  Jour,  of  Med.  Research,  1901,  vi,  28. 

"  Jensen,  C,  Cent.  f.  Bakt.,  Orig.,  1903,  xxxiv,  28,  122. 

°  Bashford,  E.,  Scientifie  Report  of  the  Imperial  Cancer  Research  Fund,  1905, 
No.  2,  24. 
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made  to  the  general  lines  of  investigation  being  followed,  but  there 
will  be  described,  as  briefly  as  possible,  the  histological  structure  of 
and  the  results  obtained  from  the  transplantations  into  mice  of  a 
considerable  number  of  tumors  developing  spontaneously  in  that 
class  of  animals.  During  the  past  three  years  there  have  come  into 
our  hands  twenty-six  mice  showing  spontaneous  tumors.  These 
twenty-six  animals  showed,  according  to  conclusions  based  upon 
my  study,  forty-one  primary  tumors.  In  one  mouse  there  was 
present  what  appeared  to  be  either  a  general  hyperplasia  of  lym- 
phoid tissue,  or  else  many  metastases  from  a  large  superficial  lym- 
pho-sarcoma,  but,  of  course,  this  animal  was  taken  as  representing 
one  tumor  formation.  How^ever,  ten  of  the  mice,  or  38.4  per  cent, 
of  the  entire  number,  showed  more  than  one  tumor  each.  Three 
of  these  showed  three  tumors  each,  and  seven,  two  tumors  each. 

If  we  compare  our  observations  with  others  reported  in  the  liter- 
ature, we  shall  find  that  they  agree  generally  with  previous  obser- 
vations, although  differing  considerably  in  detail.  Thus  Apolant^ 
reported  that  among  221  mice  showing  spontaneous  tumors  he 
found  276  primary  tumors;  that  is,  12  per  cent,  of  the  mice  men- 
tioned possessed  more  than  one  tumor.  Tyzzer^  has  also  reported 
multiple  primary  tumors  in  mice,  and  Murray^  mentions  that  of 
119  mice  w^ith  spontaneous  tumors  142  tumors  in  all  were  detected. 
In  other  words,  in  Murray's  series  15  per  cent,  of  the  animals  pos- 
sessed more  than  one  tumor.  Reporting  further,  he  states  that 
fourteen  mice  showed  two  tumors  each;  three,  three  tumors  each; 
and  in  one  animal  the  entire  inguinal  mamma  had  been  transformed 
into  a  group  of  nodules.  In  six  of  the  animals  of  our  series ^'^ 
there  wxre  present  large  subcutaneous  tumors,  and  in  six,  what  w^ere 
taken  to  be  primary  tumors  of  the  lung.  One  mouse  show^ed  a  sub- 
cutaneous sarcoma,  a  cyst-adenoma  of  the  ovary,  and  an  adenoma- 
tous  tumor   of   the   lung;    another   mouse    showed    a    superficial 

'Apolant,    A.,    Arb.    a.    d.    k.    Inst.    f.    cxpcr.    Therapie,    Frankfurt,    1906, 

No.  I,  II. 

'Tyzzer,  E.,  Fourth  Report  of  the  Caroline  Brezver  Croft  Fund  Cancer  Com- 
mission, 1907,  27. 

"Murray,  Scientific  Report  of  the  Imperial  Cancer  Research  Fund,  1908, 
No.  3,  69. 

^^  Jobling,  Proc.  of  the  Soc.  for  Exper.  Biol  and  Med.,  1908,  vi,  10. 
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sarcoma  toi^cllirr  with  cvst-aclcnomata  of  both  ovaries;  and,  finally, 

two   mice   each    presented    two   siil)cut<'ineoiis   tumors   of   different 
types.  ^^ 

TRANSPLANTATION. 

The  \-ohiniint)iis  hleratiire  which  has  already  accumulated  on  the 
transplantation  of  mouse  tumors  contains  many  statements  of  suc- 
cessful and  unsuccessful  transplantation,  but  there  arc  availal)le 
relatively  a  small  series  of  observations  which  enable  us  to  deter- 
mine tlie  percentage  of  transplantable  tumors.  Ehrlich^-  reports 
upon  230  tumors,  of  which  94  were  inoculated  into  other  mice,  and 
1 1  per  cent,  of  these  proved  to  be  transplantable.  Tyzzer^''  re- 
ports four  carcinomata  of  mice,  two  of  which  were  successfully 
transplanted.  Bashford^^  reports  that  15  out  of  32  sporadic  tumors 
transplanted  gave  negative  results.  Of  our  series  of  41  tumors,  26 
were  inoculated  into  other  mice,  and  of  these  20,  or  yy  per  cent., 
developed.  From  these  tumors  1,128  mice  were  inoculated,  of 
which  855  survived  more  than  two  weeks.  Of  these,  104,  or  12. i 
per  cent.,  developed  tumors.  Of  these  104  grafts  which  began  to 
grow,  36,  or  34  per  cent.,  later  underwent  retrogression.  The  num- 
ber of  tumors  developing  in  the  first  generations  varied  from  2  to 
46  per  cent,  and  the  period  of  incubation  of  the  first  tumors  ranged 
from  30  to  180  days.  In  Ehrlich's  series  1,504  mice  were  inoculated 
with  material  from  94  primary  tumors,  41  of  which,  or  2.7  per  cent., 
developed  tumors.  The  percentage  of  tumors  developing  in  the 
first  generation  of  our  different  implantations  ranged  from  2  to  50 
per  cent.     Bashford^^  transplanted  32  spontaneous  tumors  of  the 

"  Tyzzer  in  a  later  article  (Boston  Med.  and  Surg.  Jour.,  1909,  clxi,  103)  says: 
"  Different  types  of  tumors  frequently  occur  in  a  single  animal.  Of  the  49 
animals  of  this  series  11  presented  primary  tumors  of  two  types,  and  i  animal, 
primary  tumors  of  four  types.  In  the  last  there  were  a  hypernephroma,  a  lympho- 
sarcoma, a  papillary  cyst-adenoma  of  the  lung,  and  an  adeno-carcinoma  of  the 
ovary." 

"  Ehrlich,  P.,  Arb.  a.  d.  k.  Inst.  f.  c.vper.  Therapie,  1906,  No.  i,  77. 

"Tyzzer,  E.,  Fourth  Report  of  the  Caroline  Brewer  Croft  Fund  Cancer  Com- 
mission, 1907,  27. 

"  Bashford,  Scientific  Report  of  the  Imperial  Cancer  Research  Fund,  1908, 
No.  3,  313. 

"Bashford,  Scientific  Report  of  the  Imperial  Cancer  Research  Fund,  1905, 
No.  2,  Part  II,  19  and  30. 
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mamma  into  2,278  mice,  which  survived  a  sufficient  time  to  permit 
of  a  final  estimation,  and  72  tumors  developed.  That  is,  one  inoc- 
ulation in  3 1. 1  mice  was  successful,  yielding  3.2  per  cent,  of 
successes. 

LOCALITY. 

In  describing  the  location  of  the  spontaneous  tumors  of  221  mice, 
Apolant^^  states  that  25  per  cent,  were  situated  on  the  side  of  the 
abdomen,  16  per  cent,  in  the  region  of  the  vulva,  and  15  per  cent, 
between  the  sternum  and  the  submaxillary  glands.  Tyzzer^^  re- 
ports 20  cases,  in  which  5,  including  one  lympho-sarcoma,  were 
located  in  the  subcutaneous  tissues  of  the  abdomen,  12  were  primary 
lung  tumors,  one  was  a  lympho-sarcoma  of  the  thorax,  and  two 
were  adenomata  of  the  kidneys. ^^  Murray ^^  does  not  describe  ac- 
curately the  frequency  with  wdiich  the  tumors  were  found  in  differ- 
ent parts  of  the  body,  but  judging  from  the  diagram  prepared  by 
him  and  showing  the  positions  of  142  primary  tumors,  the  great 
majority  developed  on  the  side  of  the  thorax  and  in  the  inguinal 
regions. 

In  our  series-^  of  41  primary  tumors,  9  appeared  in  the  lungs,  3 
in  the  ovaries,  and  29  in  the  subcutaneous  tissues.  Of  the  last,  4 
were  located  in  the  neck,  9  on  the  side  of  the  thorax,  14  in  the  in- 
guinal region,  and  2  in  the  region  of  the  vulva.  This  series  does 
not  include  the  mouse  in  wdiich  there  were  multiple  growths  com- 
posed of  lymphoid  tissue. 

^^Apolant,  A.,  Arb.  a.  d.  k.  Inst.  f.  cxper.  Thera{>ie,  1906,  No.  i,  11. 

"Tyzzer,  E.,  Fourth  Report  of  the  Caroline  Brezvcr  Croft  Fund  Cancer  Com- 
mission, 1907,  27. 

"In  a  later  paper  {op.  cit.)  Tyzzer  says:  "I  have  now  studied  a  series  of  62 
primary  tumors  in  mice,  and  of  these,  37,  or  about  60  per  cent.,  originated  in  the 
hmg.  The  next  most  frequent  type  of  tumor  in  my  series  is  the  lympho-sarcoma, 
of  which  there  were  10.  Only  8  of  the  62  tumors  were  situated  externally  and 
6  of  these  were  epithelial  tumors.  There  occurred  4  tumors  of  the  kidney,  of 
which  2  were  undoubtedly  hypernephroma.  In  2  mice  ovarian  tumors  occurred 
and  in  i  mouse,  a  sarcoma." 

^*  Murray,  Scientific  Report  of  the  Imperial  Cancer  Research  Fund,  1908,  No. 
3,  69. 

^'  Jobling,  Proc.  of  the  Soc.  for  Expcr.  Biol,  and  Med.,  1908,  vi,  10. 
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METASTASIS. 

Hanau'-'  in  his  orij^inal  article  reported  the  existence  of  nietatases 
in  tlie  lynii)1ialic  inlands  in  the  neighborhoood  of  tlie  cancer  of  the 
rat.  Similar  metastases,  either  appearing  with  the  primary  tumor, 
or  as  a  result  of  transplantations,  have  been  described  by  Loeb,^^ 
Borrel,-"'^  llaaland,-^  Apolant,''^  Flexner  and  Jobling,^"  Michaelis,^^ 
and  Tyzzer.^^  With  few  exceptions  the  metastases  have  been  con- 
fined to  the  lungs.  Apolant  reports  that  of  his  series  of  221  mice 
suffering  from  spontaneous  tumors,  metastases  in  the  lungs  were 
found  five  times,  or  in  2.2  per  cent,  of  the  animals.  Murray-^ 
reports  that  of  68  mice  with  spontaneous  tumors,  2y  presented  lung 
metastases,  and  3,  lymphatic  gland  metastases.  In  26  mice  of  our 
series  lung  metastases  w^ere  found  in  5,  or  in  about  20  per  cent, 
of  the  animals,  and  no  metastases  were  discovered  in  any  other 
organ  of  the  body. 

MAMMARY   TUMOR. 

Of  the  41  tumors,  29  developed  in  positions  of  the  body  corre- 
sponding with  the  distribution  of  the  mammary  glands,  and  these, 
with  the  exception  of  5,  all  presented  well  defined  adenomatous 
structure.  We  have  concluded  in  conformity  wath  the  present  view 
of  different  workers  that  these  tumors  originated  from  the  mam- 
mary gland.  Attempts  have  been  made  to  classify  these  tumors 
according  to  types.  Michaelis^^  distinguishes  three  different  types, 
and  Haaland,^^  four;  but  probably  the  most  satisfactory  classifica- 
tion at  present  is  that  offered  by  Apolant.^- 

^  Hanan,  A.,  Fortschr.  d.  Med.,  1889,  vii,  321. 

"Loeb,  L.,  American  Jour,  of  the  Med.  Sciences,  1903,  cxxv,  243. 

"  Borrel,  Ann.  de  I'Inst.  Pasteur,  1903,  xvii,  81. 

'■'Haaland,  Ann.  de  I'Inst.  Pasteur,  1905,  xix,  165. 

^Apolant,  Arh.  a.  d.  k.  Inst.  f.  exper.  Therapie,  1906,  No.  i,  11. 

^Flexner  and  Jobling,  Jour,  of  the  American  Med.  Assn.,  1907,  xh'iii,  420. 

^  Michaelis,  Zeit.  f.  Krebsforsch.,  1907,  v,  189. 

^Tyzzer,  E.,  Fourth  Report  of  the  Caroline  Brewer  Croft  Fund  Cancer  Com- 
mission, 1907,  27. 

^Aliirray,  Scientific  Report  of  the  Imperial  Cancer  Research  Fund,  1908,  No. 
3,  69. 

'°  Michaelis,  Zeit.  f.  Krebsforsch.,  1906,  iv,  i. 

^  Haaland,  M.,  Ann.  de  I'Inst.  Pasteur,  1905,  xix,  165. 

"^Apolant,  H.,  Arb.  a.  d.  k.  Inst.  f.  e.vper.  Therapie,  1906,  No.  i,  11. 
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He  begins  by  referring  to  the  difficulty  of  classifying  these  mouse 
tumors,  and  speaks  of  the  similarity  of  their  histological  structure 
to  thyroid  tumors  of  man.  He  distinguishes  two  main  groups, 
adenoma  and  carcinoma,  and  further  divides  the  adenoma  into 
simple  adenoma,  cyst-adenoma,  hemorrhagic  cyst-adenoma  and 
papillary  cyst-adenoma.  The  carcinoma  he  divides  further  into 
simple  alveolar  carcinoma,  hemorrhagic  cyst-carcinoma,  and  papil- 
lary carcinoma.  We  have  followed  Apolant's  classification  in  de- 
scribing the  twenty-five  tumors  of  our  series,  composed  of  epithe- 
lial cells  and  stroma,  and  arising  in  the  mammary  region.  These 
twenty-five  tumors  were  composed  of  ten  hemorrhagic  cyst-ade- 
nomata, twelve  adeno-carcinomata,  two  cyst-adenomata,  and  one 
alveolar  carcinoma.  Before  proceeding  to  a  somew^hat  more  de- 
tailed description,  it  should  be  stated  that  these  tumors  are  not  strictly 
homogeneous,  but  that  almost  every  one  shows  heterogeneous  areas 
of  a  type  differing  more  or  less  from  the  one  under  which  it  was 
classified,  so  the  most  that  can  be  said  is  that  the  dominant  structure 
has  been  chosen  for  the  purpose  of  classification. 

ADENO-CARCINOMA. 

By  far  the  greater  number  of  the  tumors  of  mice  thus  far  re- 
ported belong  to  this  class.  It  is  interesting  to  recall  that  Hanau's^^ 
original  study  was  of  a  squamous  cell  carcinoma  of  the  vulva  of  the 
rat,  but  the  tumors  of  mice  and  rats  described  since  that  time  have 
been  with  few  exceptions  adeno-carcinomata  of  the  mammary 
gland.  Of  the  twelve  spontaneous  tumors  of  this  class  coming 
into  my  hands,  ten  were  used  for  transplantation,  of  which  nine 
were  successfully  transplanted  into  other  mice.  Of  464  mice  inoc- 
ulated with  these  tumors,  407  survived  two  weeks  or  longer,  of 
which  57,  or  14  per  cent.,  developed  tumors.  The  average  period 
of  incubation  for  this  series  was  63  days.  Among  the  ten  animals 
whose  tumors  were  transplanted,  four  showed  lung  metastases  and 
four  also  exhibited  primary  tumors  of  the  lung. 

These  tumors  were,  with  one  exception,  in  which  there  was  ulcer- 
ation of  the  skin,  freely  movable  and  apparently  encapsulated. 
The  tumors  in  two  of  the  series  showed  areas  of  keratinization. 

^^Hanau,  Fortschr.  d.  Med.,  1889,  vH,  321. 
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i  he  keratin  Iransfurmalion  of  the  epithelial  cells  of  these  tumors 
has  long  been  known.  It  was  present  in  llanau's  original  carci- 
noma, and  has  heen  described  by  Borrel  and  Haaland,^'*  Erdheim,^^ 
Haaland,^^  Bashford*'^^  and  Lewin.'-'*  In  Lewin's  case,  as  in 
llanau's.  the  condition  was  present  in  tumors  of  the  rat,  and  in  all 
the  others,  in  tumors  of  mice.  In  Lewin's  case  the  keratinization 
did  not  appear  until  the  third  generation,  when  it  became  diffuse. 
In  only  one  of  the  two  cases  observed  by  us  did  the  transplanted 
fragments  develop,  and  it  is  interesting  to  record  that  the  keratiniza- 
tion did  not  appear  in  the  subsequent  tumors. 

Generally  speaking,  these  tumors  are  solid  in  structure  and  gray- 
ish-white in  color.  They  are  composed  of  microscopical  lobules 
filled  with  closely  packed,  regular  acini,  which  often  contain 
a  material  of  homogeneous  structure  staining  deeply  in  eosin. 
That  these  tumors  are  to  a  certain  extent  invasive  is  shown  by  the 
presence  of  striated  muscle  fibers  in  the  main  tumor.  The  stroma 
separating  the  lobules  tends  to  be  dense  and  thick,  although  cellular 
in  places,  while  that  separating  the  acini  is  delicate  and  sometimes 
difficult  to  make  out.  The  acini  are  usually  lined  with  a  single 
layer  of  cells,  cubical  in  shape,  and  possessing  nuclei  rich  in  chro- 
matin. All  the  tumors  of  this  class  show  in  addition  to  the  acinous 
arrangement  solid  nests  of  cells.  These  cells  are  no  longer  cubical, 
but  irregularly  shaped,  and  possess  a  large  vesicular  nucleus,  which 
is  less  rich  in  chromatin.  These  cells  also  invade  the  acini,  which 
they  do  not  quite  fill.  The  two  kinds  of  cells  are  readily  differen- 
tiated by  their  staining  characters. 

DESCRIPTION   OF  THE  INDIVIDUAL  TUMORS. 

I.  The  first  of  this  series  was  in  an  old,  white,  female  mouse 
(Original  iv).  The  tumor  occupied  the  left  inguinal  region, 
meastired  three  and  one-half  centimeters  in  diameter  and  had  in- 
vaded the  lumbar  and  abdominal  muscles.     The  skin  was  invoh'ed 

"Borrel  and  Haaland,  Compt.  rend.  Soc.  dc  hioL,  1905.  Iviii,  14;  Haaland, 
Ann.  de  I'Inst.  Pasteur,  1905,  xix,  165. 

^  Erdheim,  Zeit.  f.  Krehsforsch.,  1906,  iv,  2)3- 

^'^  Haaland,  Norsk  Mag.  for  Lccgcszndcnsk.,  1907,  v,  105. 

'^Bashford,  Murray  and  Haaland,  Berliner  klin.  Woch.,  1907.  xliv,  1194. 

^''  Lcwin,  Berliner  klin.  IVoeJi.,  1907,  xliv,  1602. 
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and  ulcerated.  On  section  there  were  small  cysts  and  hemorrhagic 
foci.  The  right  lung  presented  a  nodule  the  size  of  a  pin  head. 
The  structure  was  characteristic,  being  chiefly  adenomatous  (Plate 
X\TI,  Fig.  I  ),  but  showing  some  solid  nests  of  cells  and  numerous 
mitotic  figures.  As  was  to  be  expected,  small  hemorrhages  were 
also  present.  The  lung  nodule  consisted  of  a  metastasis  composed 
mainly  of  a  solid  growth  of  epithelial  cells,  with,  occasionally,  the  ap- 
pearance of  acini.  It  was  situated  just  beneath  the  pleura  and 
showed  numerous  mitotic  figures.     The  stroma  was  delicate. 

From  the  original  tumor  50  mice  were  inoculated,  of  which  3,  or 
6  per  cent.,  developed  tumors.  Of  these  3,  a  growth  was  first  noted 
in  two  on  the  nintieth  and  in  one  on  the  one  hundred  and  fiftieth  day 
after  implantation.  The  transplantation  tumors  were  made  up  of 
solid  growth  of  tumor  cells  (Plate  XVII,  Fig.  2),  between  which  the 
stroma  was  slight  and  cellular,  and  sometimes  edematous.  There 
were  numerous  mitotic  figures,  many  vessels,  and  frequent  hemor- 
rhages.    The  necrotic  areas  were  frequent. 

In  the  succeeding  generations  the  tumor  preserved  its  histological 
characters,  but  in  the  sixth  generation  the  necrosis  and  hemorrhages 
became  more  numerous,  and  acini,  similar  to  those  in  the  original 
tumor,  became  common  (Plate  XVIII,  Fig.  3).  The  successful 
transplantations  of  this  tumor  never  exceeded  40  per  cent.,  and  the 
incubation  period  averaged  ultimately  about  fifteen  days. 

2.  An  old,  white,  female  mouse  (Original  vi)  showed  a  tumor 
measuring  one  and  one-half  centimeters  situated  in  the  left  in- 
guinal region.  The  skin  over  the  tumor  was  tense  and  purple,  but 
free.  The  tumor  was  movable.  On  section  there  were  a  few 
hemorrhagic  areas  in  an  otherwise  grayish-white  tissue.  The  right 
lung  showed  a  tumor  nodule. 

The  inguinal  tumor  was  of  glandular  type,  consisting  of  tubules, 
some  of  which  were  dilated  to  form  cysts,  and  there  w^ere  associated 
solid  areas  of  cells  (Plate  XVIII,  Fig.  4).  The  hemorrhagic  cysts 
were  apparently  of  secondary  origin,  and  caused  by  hemorrhage  into 
necrotic  foci.  The  lungs  showed  several  small  metastases  confined 
about  the  blood  vessels  and  composed  of  solid  nests  of  epithelial 
cells.  In  one  instance  there  was  observed  tubular  formation  within 
a  small  blood  vessel.     In  one  place  a  growth  was  observed  in  an 
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artery,  from  wliicli  ii  cxtciuled  into  branches,  and  in  another  place 
several  large  arteries  were  occluded  by  the  growth.  There  were 
numerous  mitotic  figures  present. 

59  mice  were  inoculated,  of  which  3,  or  5  per  cent.,  developed 
tumors.  Tlie  average  period  of  incubation  was  120  days.  Under 
the  microscope  the  secondary  tumors  resembled  one  another,  but 
differed  greatly  from  the  original  tumor.  The  adenomatous  struc- 
ture so  striking  in  the  original  had  been  succeeded  by  solid  growths 
of  cells  in  the  secondary  tumors  (Plate  XIX,  Fig.  5).  Mitotic  fig- 
ures were  numerous,  and  hemorrhages  were  common  in  the  stroma 
and  between  the  tumor  cells.  With  material  from  the  first  trans- 
plantation generation,  143  mice  were  inoculated,  of  which  8,  or  5.6 
per  cent.,  developed  tumors.  This  tumor  was  carried  to  the  7th 
transplantation  generation,  and  the  number  of  successes  never  ex- 
ceeded 50  per  cent.  The  microscopical  structure  of  the  transplan- 
tation generations  remained  essentially  fixed,  and  consisted  chiefly 
of  solid  nests  of  cells  with  here  and  there  acini  and  a  small  amount 
of  stroma.  The  only  striking  variation  was  a  somewhat  greater 
development  of  the  cellular  and  edematous  stroma.  Hemorrhages 
appeared  not  infrequently. 

In  the  second  generation  one  of  the  tumors  presented  an  appear- 
ance somewhat  suggestive  of  a  mixture  of  sarcoma  and  carcinoma 
(Plate  XIX,  Fig.  6).  The  epithelial  cells  formed  lobules,  the  central 
portions  being  usually  necrotic.  The  lobules  were  separated 
from  one  another  by  thick  bands  of  very  cellular  stroma. 
Large  blood  vessels  were  present,  the  walls  of  which,  in  many  in- 
stances, were  composed  only  of  a  layer  of  endothelial  cells.  It  was 
at  first  thought  that  we  were  dealing  here  with  a  transition  of  the 
carcinoma  into  a  sarcoma,  but  the  daughter  tumors  which  developed 
irave  no  further  evidences  of  this  structure. 
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3.  An  old,  white,  female  mouse  (Original  vii)  showed  a  large 
semi-fluctuating  tumor  in  the  right  inguinal  region.  The  skin  was 
tense  and  purple  in  color,  but  free.  On  section  the  tumor  was 
composed  simply  of  two  large  cysts  filled  with  a  dark  brownish 
fluid.  The  tissue  at  the  margins  was  of  a  grayish  color  and  friable. 
Under  the  microscope  the  preserved  tissue  showed  a  structure  simi- 
lar to  No.  2. 
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From  this  tumor  i8  mice  were  inoculated,  of  which  3,  or  16.6 
per  cent.,  developed  tumors.  The  incubation  period  for  two  of  the 
three  was  45  days,  and  for  the  other  it  was  70  days.  Under  the 
microscope  these  tumors  were  seen  to  be  composed  of  closely  packed 
acini,  and  small  hemorrhages  were  observed.  For  the  second  trans- 
plantation generation,  61  mice  were  employed,  and  9,  or  14.7  per 
cent.,  developed  tumors.  The  shortest  incubation  period  was  30 
days,  and  the  longest  was  150.  For  the  third  generation,  56  mice 
were  inoculated  and  4,  or  7.1  per  cent.,  developed  tumors.  Of 
these  4,  3  subsequently  were  completely  absorbed.  The  histologi- 
cal structure  of  the  transplantation  generations  was  similar  to  that 
of  the  original  tumor.  The  acinous  arrangement  recurred,  but 
cysts  were  also  present.     Mitotic  figures  were  numerous. 

4.  A  very  old,  white,  female  mouse  (Original  xii)  presented  a 
tumor  measuring  one  and  one-half  centimeters  in  the  right  inguinal 
region.  The  tumor  was  freely  movable.  In  consistence  it  was 
quite  firm.  The  left  lung  presented  at  the  lower  margin  a  grayish- 
white  wedge-shaped  tumor  measuring  three  millimeters  in  diameter. 
In  the  right  axilla  was  a  nodule  measuring  0.5  centimeter.  The 
original  tumor  showed  under  the  microscope  a  somewhat  compound 
structure.  While  the  main  portion  was  composed  of  solid  growths 
of  epithelial  cells,  there  were  some  acini  and  small  dilated  cysts. 
Where  the  glandular  type  occurred,  the  stroma  was  fibrous,  while 
in  the  more  solid  portions  it  was  delicate.  There  were  some  hemor- 
rhages, and  mitotic  figures  were  numerous.  The  lung  nodule 
proved  to  be  a  primary  cyst-adenoma  and  will  be  described  else- 
where. 

The  nodule  in  the  right  axilla  proved  to  be  composed  of  the 
closely  packed  tubules  separated  from  one  another  by  delicate 
stroma.  The  nuclei  of  the  small  cells  were  dense  and  mitotic 
figures  were  not  found.  No  remnants  of  lymphoid  tissue  were 
discovered,  and  it  is  probable  that  this  represented  an  independent 
tumor  formation. 

50  mice,  30  white  and  20  colored,  were  inoculated,  of  which  33 
survived  two  weeks  or  longer,  and  one  developed  tumor,  which, 
however,  subsequently  underwent  absorption.  It  was  detected  for 
the  first  time  30  days  after  the  inoculation. 
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5.  j\n  old,  while,  female  mouse  (Original  xiiij  showed  a  tumor 
measuring  one  and  one-half  ceniimeters  in  the  left  inguinal  region, 
which  was  freely  movable,  'ihe  consistence  was  ilnn  and  the  cut 
surface  grayish-white  in  color.  Under  the  microscope  this  tumor 
was  almost  of  ])ure  glan(hilar  t)pe  (Plate  XX,  Fig.  7).  Micro- 
scopical examination  of  the  lungs  showed  a  primary  cyst-adenoma 
which  will  be  described  elsewhere. 

In  the  first  generation,  80  mice  were  inoculated  and  67  survived. 
8  of  these,  or  11.9  per  cent.,  developed  tumors,  two  of  which  sub- 
sequently underwent  absorption.  The  average  incubation  period 
was  70  days.  In  the  second  generation,  20  mice  were  inoculated, 
and  6,  or  2,3  per  cent.,  developed  tumors.  The  incubation  period  was 
30  days.  The  structure  of  the  transplantation  tumors  was  similar 
to  the  original.  In  the  third  generation,  20  mice  were  inoculated, 
of  which  6,  or  33  per  cent.,  developed  tumors,  and  the  incubation 
period  was  25  days.  In  this  generation  the  histological  type  had 
altered,  so  that  some  of  the  tumors  corresponded  to  the  original,  and 
others  were  composed  of  solid  lobules  with  necrotic  centers  and 
heavy  stroma  (Plate  XX,  Fig.  8).  In  both,  mitotic  figures  were 
numerous. 

6.  A  Japanese  waltzing  mouse  (Original  xv)  presented  a  tumor 
situated  in  the  front  of  the  neck,  almost  in  the  median  line,  freely 
movable,  and  measuring  one  centimeter  in  diameter.  Under  the 
microscope  this  tumor  was  made  up  of  numerous  acini  and  a  few- 
cysts.  The  cells  forming  the  more  solid  portions  had  through 
pressure  become  flattened  and  spindle-shaped.  The  stroma  was 
slight,  and  mitotic  figures  were  numerous.  Two  small  metastases 
containing  acini,  but  less  uniform  m  structure  than  the  original 
tumor,  were  present  in  the  lungs. 

40  mice,  consisting  of  30  white  and  10  waltzing  mice,  were  inocu- 
lated. N^one  of  the  white  mice  developed  tumors.  Seven  of  the 
dancing  mice  survived  longer  than  two  weeks,  of  which  three,  or 
42.8  per  cent.,  developed  tumors.  These  three  died  while  the 
tumors  were  still  small,  and  no  further  transplantations  were  at- 
tempted. The  transplantation  tumors  resembled  histologically  the 
original. 

7.  A  white,  female  mouse  (Original  xx),  showed,  in  addition  to 
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two  adeno-carcinomata  of  the  type  we  are  describing,  other  primary 
tumors,  namely,  two  hemorrhagic  cyst-adenomata  of  the  neck  and 
inguinal  region,  and  a  primary  cyst-adenoma  of  the  lung.  One  of 
the  adeno-carcinomata,  situated  on  the  lower  part  of  the  abdominal 
wall,  measured  two  centimeters,  and  the  other,  which  was  situated 
in  the  left  inguinal  region,  measured  seven  millimeters.  These 
tumors  presented  a  distinctly  glandular  character,  being  composed 
of  acini  similar  to  the  others  of  the  series.  Muscle  fibres  had  in 
some  places  been  included  in  the  growing  tumors. 

40  mice  were  inoculated,  of  which  28  survived,  and  12,  or  42.8 
per  cent.,  developed  tumors.  The  incubation  period  ranged  from 
30  to  60  days.  The  tumors  presented  microscopically  two  types: 
first,  similar  to  the  original;  and  second,  solid  cell  nests  devoid  of 
acini.  40  mice  were  inoculated  in  the  second  generation,  and 
yielded  16,  or  40  per  cent,  of  tumors,  the  average  incubation  period 
being  30  days. 

8.  An  adult,  light  brown,  female  mouse  (Original  xxiii)  showed 
a  tumor  measuring  one  by  one  and  one-half  centimeters,  in  the  right 
inguinal  region,  surrounded  by  subcutaneous  fat.  It  was  solid  in 
consistence.  In  microscopical  structure  the  tumor  was  of  the  glan- 
dular type.  It  contained  small  cysts,  and  the  stroma  was  fairly  well 
developed.     Mitotic  figures  were  numerous. 

26  white  (?)  mice  were  inoculated,  of  which  2,  or  y.6  per  cent., 
developed  tumors,  one  appearing  at  the  end  of  60,  the  other  at  the 
end  of  120  days.  Except  for  more  numerous  hemorrhages,  they 
resembled  the  original.  In  the  second  generation,  20  mice  were 
inoculated,  of  which  3,  or  15  per  cent.,  developed  tumors.  The 
structure  had  now^  altered :  there  were  few^er  acini,  a  general  solid 
growth  of  cells,  and  numerous  hemorrhages.  Mitotic  figures  were 
numerous. 

9.  A  white,  female  mouse,  apparently  very  old  (Original  xxiv) 
showed  a  tumor  measuring  1.3  centimeters  on  the  right  side  of  the 
thorax,  just  below  the  axilla.  The  structure  w^as  solid  and  lobu- 
lated  and  there  was  involvement  and  ulceration  of  the  skin.  Under 
the  microscope  the  growth  was  more  solid  in  type  than  the  other 
tumors  of  this  series,  but  a  certain  amount  of  acinous  formation 
could  be  made  out.    Keratinized  foci  (Plate  XXI,  Fig.  9)  werenum- 
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erous,  the  keratinized  cells  sometimes  appearing  at  the  margin  of  a 
necrotic  area,  sometimes  surrounded  by  necrotic  material,  and  some- 
times occurring  in  tlic  preserved  parts  of  the  tumor. 

50  mice  w  ore  inoculated  with  this  tumor,  but  no  secondary  tumors 
developed. 

10.  A  yellow,  female  mouse  (Original  xxv)  presented  a  tumor 
measuring  one-half  centimeter  in  diameter,  situated  on  the  right 
side  of  the  neck  and  freely  movable.  The  tumor  was  friable,  and 
showed  minute  hemorrhages.  There  were  numerous  nodules  in  the 
lungs.  The  microscopical  structure  was  acinous  and  similar  to 
others  in  this  series,  and  there  were  numerous  small  cysts  present 
containing  a  serous  exudate  and  sometimes  blood.  Within  some 
of  the  cysts  there  were  keratinized  areas,  showing  typical  "  pearls  " 
(Plate  XXI,  Fig.  10).  Some  solid  areas  of  cells  also  occurred.  The 
lung  metastases  were  numerous  and  were  confined  to  the  blood 
vessels,  which,  in  many  instances,  were  occluded  by  them.  In 
other  cases  the  lung  tissue  w^as  replaced.  When  the  growth  oc- 
curred in  the  blood  vessels  it  was  usualty  solid,  and  mitotic  figures 
wxre  numerous.  When  the  growth  in  the  vessel  did  not  fill  it,  the 
outer  surface  was  sometimes  covered  by  endothelium,  and  in  one 
instance  a  second  independent  growth  of  tumor  was  observed  to 
have  taken  place  between  the  old  mass,  wdiich  was  covered  with 
endothelium,  and  the  vessel  w^all.  The  central  portions  of  some 
of  the  large  intravascular  growths  had  become  necrotic  and  formed 
cavities.  The  extra-vascular  growths  showed  acini  and  some  solid 
nests  and  numerous  mitotic  figures  (Plate  XXII,  Fig.  11). 

There  was  a  larger,  w^edge-shaped  nodule  in  the  lung,  w^hich 
proved  to  be  a  primary  cyst-adenoma,  and  which  will  be  described 
elsewhere  (Plate  XXII,  Fig.  12). 

Of  50  mice  inoculated,  23,  or  46  per  cent.,  developed  tumors. 
Of  33  mice  inoculated  in  the  second  generation,  18,  or  54.5  per 
cent.,  developed  tumors.  In  structure  the  secondary  tumors  resem- 
bled the  original,  except  that  keratinization  was  not  observed. 

HEMORRHAGIC    CYST-ADENOMA. 

A  somewhat  special  interest  is  attached  to  this  class  of  tumors 
because  Ehrlich^^  employed  them  in  an  extensive  series  of  experi- 
'"Ehrlich,  Arb.  a.  d.  k.  hist.  f.  cxfcr.  TJicrapic,  1906,  No.  i,  77. 


94  Spontaneous  Tumors  of  the  Mouse. 

ments  to  induce  imnnmity.  Having  discovered  that  they  were 
transplanted  with  greater  difficuhy  than  other  mouse  tumors,  and 
that  animals  which  had  successfully  resisted  their  implantation 
presented  an  increased  resistance  to  the  inoculation  of  other  tumors 
readily  transplantable  to  normal  mice,  he  employed  them  for  pro- 
ducing this  refractory  or  immune  state.  On  the  other  hand,  some 
investigators  have  succeeded  in  transplanting  this  type  of  hemor- 
rhagic tumor.  Hertwig  and  Poll  ^^  report  a  successful  instance, 
and  Tyzzer"^^  reports  a  successful  instance,  so  far  as  the  first  genera- 
tion is  concerned,  while  Gierke^^  reported  that  of  47  such  tumors,  38 
were  transplanted  successfully  by  him.  He  gives  the  details  of  his 
experiments  wath  35  separate  tumors.  Of  these  35,  29  were  trans- 
plantable, and  of  the  29,  15  became  extinct  as  follows :  8  in  the  first 
generation,  5  in  the  second,  and  2  in  the  third.  In  only  one  in- 
stance was  he  successful  in  carrying  a  tumor  of  this  class  into  the 
fourth  transplantation  generation.  Gierke  states  that  of  2,851  mice 
which  survived  for  a  sufficient  time,  187,  or  6.5  per  cent.,  developed 
tumors.  The  highest  original  result  ever  attained  was  33  per  cent., 
and  the  highest  subsequent  one  was  70  per  cent,  of  the  tumor  frag- 
ments implanted. 

The  tumors  of  this  class  can  frequently  be  detected  from  their 
gross  appearances,  since  the  skin  covering  them  is  usually  tense 
and  purplish  in  color,  and  the  section  of  the  tumor  shows  large 
cysts  containing  bloody  contents  and  little  original  tumor  tissue. 
They  are  as  a  rule  incapsulated.  Under  the  microscope  the  more 
solid  portions  are  composed  of  regular  acini,  but  everywhere  there 
are  cysts  of  variable  size,  produced  through  dilatation  of  the  acini 
and  through  necrosis  of  the  tumor.  The  cells  which  line  the  acini 
are  usually  cubical  and  rich  in  chromatin,  while  those  lining  the  cysts 
are  usually  flattened.  The  stroma  is  usually  delicate  in  character, 
but  may  be  thicker  and  denser,  or  edematous.  Large  hemorrhagic 
foci  are  scattered  through  the  sections,  as  well  as  large  thin-walled 
vessels.     The  walls  of  the  vessels  are  so  thin  at  times  that  they 

***  Hertwig  and  Poll,  Ahhand.  d.  k.  prcuss.  Akad.  d.  JVissenscJi,  Berlin,  1907,  i,   i. 

*^Tyzzer,  E.,  Fourth  Report  of  the  Caroline  Brewer  Croft  Fund  Cancer 
Commission,  1907,  27. 

*^  Gierke,  E.,  Scientific  Report  of  the  Imperial  Cancer  Research  Fund,  1908, 
No.  3,  115- 
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are  wuidc  out  with  great  difficulty,  and  thus  it  becomes  uncertain 
sometimes  whether  tlic  l^lood  is  contained  within  tlie  vessels,  or 
within  a  cyst.     The  mitotic  figures  are  usually  infrequent. 

In  our  series  there  were  ten  tumors  belonging  to  this  class,  from 
which  365  mice  were  inoculated.  However,  as  61  died  within  the 
first  two  wxeks,  only  304  survived  long  enough  to  permit  the  devel- 
opment of  tumors.  Of  these,  21,  or  6.9  per  cent.,  developed  tumors 
and  later  seven  of  the  tumors  became  absorbed.  Of  these  ten 
tumors,  seven,  or  70  per  cent.,  gave  transplantation  tumors  in  the 
first  generation.  Of  these  seven,  two  failed  to  develop  tumors  in 
the  second  generation,  and  one  in  the  third,  while  the  remaining 
four  were  transplanted  successfully  through  successive  generations. 
In  one  of  the  ten  mice  a  lung  metastasis  was  present,  although  in 
three  others  primary  lung  tumors  occurred. 

1.  The  tumor  measured  one  and  one-half  centimeters  in  diameter, 
and  appeared  in  the  right  inguinal  region  of  a  female  mouse  (Orig- 
inal i)  kindly  presented  to  us  by  Dr.  F.  C.  Wood  of  New  York. 
The  skin  covering  the  tumor  w-as  tense,  partially  free  of  hair,  and 
purplish  in  color.  The  tumor  w^as  fluctuating  on  palpation,  and 
on  incision,  a  large  amount  of  dark  fluid  escaped  from  a  smooth- 
w^alled  cyst  on  the  inner  wall  of  which  papilliferous  masses  were 
attached. 

The  solid  portion  of  the  tumor  w^as  suspended  in  normal  salt 
solution,  after  being  cut  into  minute  fragments,  and  15  mice  were 
inoculated  under  the  skin.  None  developed  tumors.  Under  the 
microscope  the  tumor  was  found  to  be  composed  mainly  of  cysts 
in  the  tissue,  between  which  there  were  regular  acini.  Hemor- 
rhages of  different  durations  had  taken  place  into  the  cysts.  A 
small  number  of  mitotic  figures  were  seen,  and  occasionally  solid 
masses  of  cells. 

2.  A  brown,  female  mouse,  15  months  old  (Original  ii),  showed 
a  tumor  on  the  left  side  of  the  body,  just  below  the  axilla,  which 
measured  1.75  centimeters.  The  tumor  was  grayish-w-hite  in  color, 
lobulated  and  presented  on  section  many  small  hemorrhagic  cystic 
areas.  On  the  opposite  side  of  the  body  in  the  same  general  posi- 
tion a  nodule  4  by  6  millimeters  occurred.     It  was  loosely  attached 
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to  the  skin,  and  is  described  under  the  cyst-adenomata.  Under  the 
microscope  the  larger  tumor  was  composed  of  closely  packed  tubular 
acini,  lined  by  a  single  layer  of  epithelial  cells.  Sometimes  the 
epithelium  was  arranged  in  several  layers,  or  entirely  filled  the 
spaces.  Hemorrhages  were  scattered  through  the  tissue,  being  con- 
tained within  cyst-like  spaces.  The  blood  vessels  presented  very 
thin  walls  and  appeared  often  as  sinusoids.  One  of  the  mammary 
glands  adjacent  to  the  nodule  showed  much  dilated  tubules,  filled 
with  a  glandtilar  eosin-staining  detritus. 

41  mice,  of  which  19  were  brown  and  22  white,  were  inoculated 
with  fragments  which  had  not  come  nito  contact  with  saline  solu- 
tion, and  none  of  the  19  brown  mice  developed  tumors,  while  21 
of  the  22  white  mice  developed  them.  One  of  these  was  first 
noticed  on  the  150th  and  the  other  on  the  180th  day  after  inocula- 
tion. From  the  former,  20  white  mice  were  inoculated,  one  of 
which  died  in  a  few  days,  and  of  the  remaining  19,  3,  or  15.7  per 
cent.,  developed  tumors,  one  of  which  subsequently  underwent 
absorption.  The  incubation  period  in  this  series  ranged  from  60  to 
90  days. 

Microscopical  examination  showed  the  transplantation  tumors 
to  be  more  solid  in  character  than  the  original,  to  contain  hemor- 
rhages and  to  show  quite  numerous  mitotic  figures.  Some  acini 
were  present,  and  the  epithelial  cells  in  the  two  kinds  of  structures 
resembled  the  original.  Microscopical  examination  of  the  tumors 
of  the  second  transplantation  generation  showed  marked  changes 
as  compared  wdth  the  original.  There  w^ere  still  present  numerous 
acini  and  cysts,  but  the  latter  were  produced  by  a  disintegration  of 
necrotic  cells.  The  tumors  were  also  more  lobulated,  and  there 
were  ingrowths  from  the  sides  of  the  lobules  of  a  somewhat  variable 
character.  However,  the  larger  part  of  the  tumor  consisted  of  a 
solid  growth  of  cells.  The  stroma  w^as  cellular  and  well  developed 
in  places,  but  the  blood  vessels  w^ere  still  large  and  thin-walled. 
Hemorrhages  were  not  infrequent,  but  not  so  common  as  in  the 
original  tumor.     Mitotic  figures  were  not  infrequent. 

In  the  third  generation,  forty  mice  were  inoculated,  yielding  one 
slowly  growing  tumor.  In  the  fourth  generation,  twenty  were 
inoculated  yielding  seven  tumors,  or  35  per  cent.     Subsequently,  six 
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of  these  seven  were  absorbed.     Furtlicr  transplantations  were  not 
attempted. 

3.  While,  female,  a])parenlly  old  mouse  (Orii^inal  iii)  showed  a 
tumor  on  the  left  side,  just  below  the  axilla  and  extending  in  front 
almost  to  the  median  line.  The  skin  was  Icnse  and  pnrplisli  in 
color.  On  removal  the  tumor  was  dark  brown,  and  on  section 
exuded  a  dark  lluid.  It  measured  three  by  one  and  one-half  centi- 
meters. Under  the  microscope  it  proved  to  be  composed  of  lobules 
consisting  of  closely  packed  acini.  The  centres  of  the  lobules  usu- 
ally were  cystic,  and  the  cysts  contained  an  eosin-staining,  homo- 
geneous substance  and  blood.  Some  solid  nests  of  cells  existed, 
and  mitotic  figures  wxre  numerous.  Muscle  fibres  were  contained 
in  the  upper  pole  of  the  tumor. 

59  mice  were  inoculated,  of  wdiich  4,  or  6.7  per  cent.,  developed 
tumors.  The  first  growth  was  noticed  on  the  120th  day,  and  the 
later  growths  on  the  150th  and  i8oth  days.  All  but  small  parts  of 
three  of  the  tumors  were  excised,  and  used  to  inoculate  34  mice. 
The  fragments  of  tumor  left  behind  underwent  subsequent  absorp- 
tion. Of  the  34  mice  of  this  series,  one  developed  a  tumor  at  the 
end  of  60  days.  As  the  tumor  was  growing  very  slowly,  an  incision 
was  made  in  it  with  the  idea  that  it  might  be  stimulated  to  more 
active  growth,  but  after  the  operation  there  w^as  complete  absorp- 
tion. The  microscopical  examination  of  the  first  transplanted 
tumors  showed  cystic  growths  in  which  the  cysts  were  filled  with 
blood  (Plate  XXIII,  Fig.  13).  The  general  structure  was  acinous. 
The  microscopical  examination  of  a  fragment  removed  from  the 
second  generation  transplantation  showed  a  papillomatous  growth 
with  cysts  and  some  hemorrhages  (Plate  XXIII,  Fig.  14). 

4.  White,  female,  evidently  old  mouse  (Original  viii).  The 
tumor  had  been  partially  eaten  away  by  another  mouse  in  the  same 
cage.  It  was  on  the  left  side  and  partially  surrounded  the  vagina. 
In  color  it  was  dark  brown,  and  contained  several  cysts  in  which 
there  was  a  dark  brown  fluid.  Alicroscopical  examination  showed 
the  tumor  to  contain  a  large  amount  of  dense  stroma,  and  to  be 
divided  into  small  lobules,  which  themselves  were  made  up  of  acini. 
Hemorrhages  w'ere  common  in  and  between  the  latter. 

30  mice  w^ere  inoculated  with  fragments  of  this  tumor,  but  no 
secondary  tumors  developed. 
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5.  White,  female  mouse  (Original  ix)  showed  a  tumor  measur- 
ing two  centimeters  on  the  right  side  just  below  the  axilla.  The 
skin  was  tense  and  purplish  in  color.  The  external  portion  of  the 
tumor  was  composed  of  a  large  cyst  and  there  were  smaller  cysts 
in  other  portions.  Under  the  microscope  the  tumor  was  found  to 
be  composed  almost  entirely  of  cysts  which  in  places  were  being 
replaced  by  granulation  tissue.  The  sections  removed  from  the 
deeper  portions  alone  showed  traces  of  the  original  tumor.  Many 
hemorrhages  were  present,  and  the  blood  vessels  were  numerous. 

40  white  mice  were  inoculated  from  this  tumor,  of  which  25  died 
in  less  than  two  weeks.  Of  the  15  surviving,  one,  or  6.6  per  cent., 
developed  a  tumor,  and  the  incubation  period  was  60  days.  This 
mouse  died  during  the  hot  summer  months,  and  decomposition  set 
in  so  rapidly  that  no  further  attempts  were  made  to  transplant  it 
to  other  mice.  Microscopical  examination  showed  the  transplanted 
tumor  to  be  like  the  original. 

6.  White,  female  and  apparently  old  mouse  (Original  x)  showed 
a  tumor  measuring  two  centimeters  in  the  left  inguinal  region. 
The  skin  over  it  was  tense  and  purplish  in  color.  On  section,  the 
tumor  was  composed  almost  entirely  of  cysts  containing  a  dark 
fluid  (Plate  XXIV,  Fig.  15).  The  cyst  walls  were  thin,  and  there 
was  little  of  the  solid  tumor  tissue  left  except  at  the  margins.  A 
small  nodule  w^as  present  just  beneath  the  pleura  in  the  left  lung, 
which  proved  to  be  a  primary  cyst-adenoma.  In  microscopical 
appearances  this  tumor  was  similar  to  others  of  this  class,  and  cysts 
and  hemorrhages  were  everywhere  present.  There  \vere  numerous 
mitotic  figures. 

30  mice  were  inoculated,  of  which  9  died  wathin  a  few  days. 
Of  the  21  surviving,  2,  or  9.5  per  cent.,  developed  tumors.  The 
incubation  period  was  60  days.  One  of  the  two  was  ultimately 
absorbed,  and  the  remaining  mouse  with  tumor  died  before  it  be- 
came large  enough  to  be  used  for  transplantation. 

7.  A  brown,  female  and  apparently  old  mouse  (Original  xi) 
showed  a  tumor  at  the  right  axillary  region,  measuring  two  by  one 
and  one-half  centimeters.  It  was  composed  of  a  large  cyst  exter- 
nally, and  was  filled  with  a  dark,  thick  brownish  fluid.  The  deeper 
portion  was  grayish-white  in  color  and  firm  in  consistence.     There 
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were  nunicrous  liiiii;-  niolastascs.  Excepting  for  the  thickness  and 
density  of  the  stroma,  this  tumor  was  very  similar  to  others  [)rcvi- 
ously  described.  In  some  places  there  was  a  tendency  towards 
development  of  papillary  outgrowths  in  tlie  walls  of  the  lobules. 
The  lobules  for  the  most  part  were  filled  with  closely  packed  acini, 
and  the  stroma  contained  many  large  phagocytic  cells  filled  with 
blood  pigment.  Mitotic  figures  were  not  numerous.  The  lungs 
were  thickly  studded  w  ith  metastases,  confined  chiefiy  to  the  blood 
vessels.  Few  of  the  larger  vessels  had  escaped  invasion.  The 
growths  in  the  lung  resembled  the  original,  even  to  the  formation 
of  cysts  and  the  presence  of  hemorrhages.  This  animal  died  dur- 
ing one  night  and  when  it  was  examined  the  next  morning  there 
was  already  beginning  decomposition.  40  mice,  of  which  10  were 
white  and  30  light  brown,  were  inoculated,  and  no  tumors  de- 
veloped. 

8.  An  adult,  white,  female  mouse  (Original  xvi)  presented  a 
tumor  in  tlie  right  inguinal  region,  measuring  two  and  one-half 
centimeters.  The  skin  was  attached  and  ulcerated.  The  tumor 
was  gray  and  contained  numerous  hemorrhages.  A  single  small 
cyst  was  observed.  The  left  lung  contained  a  small  primary  tumor. 
Under  the  microscope  the  superficial  tumor  was  distinctly  hemor- 
rhagic in  type,  but  less  homogeneous  in  structure  than  the  others 
of  this  class.  The  arrangement  of  the  epithelium  was  highly 
varied.  Sometimes  it  was  glandular  and  formed  large  cysts;  at 
other  times  there  were  lobules  filled  with  a  solid  growth.  Necrosis 
was  common,  and  hemorrhages  frequent,  and  the  blood  vessels 
were  large  and  possessed  thin  walls.  In  some  places  the  acini  had 
become  greatly  dilated,  and  into  their  lumina  larger  cells  with  vesic- 
ular nuclei  had  penetrated. 

From  this  tumor  40  white  mice  were  inoculated,  of  which  12  died 
in  a  few  days.  Of  the  28  surviving,  6,  or  21  per  cent.,  developed 
tumors;  the  incubation  period  was  20  days.  Three  of  these  tumors 
subsequently  underwent  absorption.  The  microscopical  structure 
of  the  secondary  tumors  agreed  with  the  original. 

Of  37  mice  inoculated  from  the  first  transplantation  generation, 
1 3'  o^  35  P^i'  cent.,  developed  tumors,  of  which  8  subsequently 
underwent  absorption.     The  incubation  period  was  about  25  days. 
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The  glandular  or  acinous  structure  present  in  the  original  tumor 
could  be  made  out  hardly  at  all  in  the  tumors  of  this  generation. 
The  stroma  had  become  well  developed,  and  subdivided  the  tumor 
into  small  lobules,  which  were  filled  with  cells  showing  no  definite 
arrangement.  A  striking  feature  was  the  strong  development  of 
the  stroma.  Necrosis  of  the  central  portion  of  the  lobule  was 
common. 

20  mice  were  inoculated  for  the  third  generation,  of  which  5,  or 
25  per  cent.,  developed  tumors.  Three  of  these  subsequently  under- 
went absorption.  The  incubation  period  was  about  25  days.  The 
structure  remained  about  the  same  as  the  previous  generation.  28 
mice  were  inoculated  in  the  fourth  generation,  of  which  11,  or  39.2 
per  cent.,  developed  tumors.  Eight  of  these  subsequently  were 
absorbed.  Microscopical  appearances  of  this  generation  were  simi- 
lar to  the  original  tumor. 

9.  Dark,  gray,  female  mouse  (Original  xix),  among  the  stock 
animals  of  the  institute,  showed  a  tumor  1.3  centimeters  in  diameter, 
situated  beneath  the  skin  of  the  lower  portion  of  the  abdomen,  to 
the  left  of  the  middle  line.  It  had  slightly  invaded  the  muscles 
of  the  thigh.  The  surface  w^as  irregular.  The  tissue  w^as  hemor- 
rhagic and  there  were  nimierous  cysts.  In  appearance  it  was  found 
to  be  composed  of  niunerous  cysts  and  necrotic  areas  containing 
hemorrhages,  and  areas  of  epithelial  cells  showing  little  definite 
arrangement.  Mitotic  figures  were  common.  The  blood  vessels 
were  greatly  dilated. 

From  this  tumor  20  mice,  10  of  the  color  of  the  original,  and 
10  white,  were  inoculated.  Of  the  10  white  mice  inoculated,  2 
died  in  a  few  days,  and  of  the  8  surviving,  one  developed  a  tumor 
after  45  days,  which  later  became  absorbed.  One  of  the  ten  colored 
mice  developed  a  tumor  after  120  days  which  was  used  for  further 
inoculation.  Under  the  microscope  this  tumor  was  less  adenoma- 
tous in  structure  than  the  original.  It  showed  hemorrhages  and 
necrotic  areas.  From  this  tumor  15  mice  (colored?)  were  inocu- 
lated, of  which  2,  or  13.3  per  cent.,  developed  tumors.  In  one  the 
incubation  period  was  160  days  and  in  the  other,  90.  The  structure 
remained  about  the  same  as  in  the  preceding  generation.  Further 
transplantation  was  not  undertaken  with  this  tumor. 
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u).  While,  ai)[)arcntly  oM,  fciiialc  mouse  (Original  xx)  showed 
on  ncrk  anterior  to  llic  ri_iL;lil  of  the  median  line,  a  tnmr)r  two  and 
one-half  centimeters  in  diameter.  The  snrfaee  was  gray  and  mot- 
tled with  dark  brown,  the  latter  portions  being  cystic.  Uncler  the 
microscope  this  tnmor  was  adenomatous  in  structure,  consisting  of 
acini  intermingled  with  sc^lid  masses  of  epithelial  cells.  Areas  of 
necrosis  and  hemorrhage  occurred,  the  former  being  more  frequent. 
The  acini  were  frequently  dilated  into  cysts,  some  of  which  con- 
tained a  homogeneous  eosin-staining  material,  and  others,  blood. 
There  were  numerous  mitotic  bodies.  The  blood  vessels  were 
widely  dilated. 

50  mice  were  inoculated,  of  which  5,  or  10  per  cent.,  developed 
tumors.  One  of  these  later  underwent  absorption.  The  incubation 
period  was  30  days.  The  structure  of  these  tumors  differed  from 
the  original  in  that  the  stroma  was  far  better  developed  and  was 
very  cellular  (Plate  XXIV,  Fig.  16).  Large  hemorrhagic  areas 
occurred  and  the  acinous  arrangement  had  almost  completely  disap- 
peared. There  were  large  lobules  composed  of  central  cavities  con- 
taining cells,  and  hemorrhages  were  common. 

40  mice  were  inoculated  from  this  generation,  of  which  3,  or  1.5 
per  cent.,  developed  tumors,  all  of  which  underwent  absorption 
before  they  reached  a  size  large  enough  to  be  used  for  further  trans- 
plantation. 

CYST-ADENOMA. 

Of  this  class  there  were  two  tumors,  and  since  they  occurred  in 
mice  in  which  the  other  classes  of  tumors  were  present,  and  which 
were  of  larger  size,  they  were  not  submitted  to  transplantation. 

1.  The  first  of  these,  wdiich  occurred  in  Original  ii,  was  situated 
on  the  right  side  of  the  thorax  and  measured  .6  centimeter  in  its 
greatest  diameter.  In  form  it  was  flat  and  freely  movable.  The 
tumor  with  which  it  was  associated  was  a  hemorrhagic  cyst- 
adenoma. 

2.  The  second  of  these  tumors  was  in  Original  v.  It  was  situated 
on  the  left  side  of  the  thorax,  was  flat,  and  measured  0.5  centimeter 
in  its  greatest  diameter.  The  tumor  witli  which  this  was  asso- 
ciated belonged  to  the  class  termed  by  Apolant  solid  carcinoma. 
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Ill  histological  structure  these  growths  were  very  similar  to  one 
another.  They  were  made  up  of  cysts  developed  from  dilated  acini, 
and  lined  by  a  single  layer  of  cells,  some  of  which  w^ere  flattened. 
The  cysts,  however,  frequently  contained  a  homogeneous,  eosin- 
staining  material.  No  mitotic  figures  were  discovered.  The 
stroma  was  delicate  in  character. 

The  possibility,  of  course,  exists  that  these  second  tumors  of 
smaller  size  were  metastases.  The  type,  however,  of  the  smaller 
tumors  was  wholly  different  from  the  larger  ones,  and  approached 
more  nearly  the  typical  adenomatous  form  than  did  the  others. 
Since  each  was  distinctly  incapsulated,  and  there  were  no  mitotic 
figures  discovered,  and  no  evidences  available  of  growths  having 
developed  in  the  lymphatic  glands,  they  were  regarded  as  inde- 
pendent tumors. 

ALVEOLAR    CARCINOMA. 

According  to  Apolant,  in  this  type  of  tumor,  no  acini,  strictly 
speaking,  are  present,  but  the  tumor  consists  of  lobules  containing 
alveoli  closely  packed  with  epithelial  cells.  One  such  tumor  came 
under  observation  among  our  series.  It  occurred  in  a  white  female 
mouse  (Original  v),  was  situated  in  the  left  inguinal  region  and 
measured  2  by  2  centimeters.  Neither  the  skin  nor  the  abdom- 
inal muscles  were  involved  in  it.  Its  central  portion  was  necrotic, 
consisting  of  a  cheesy  mass,  while  the  cut  surface  presented  a  gran- 
ular appearance.  Its  external  contours  were  irregularly  lobulated, 
and  nutrient  blood  vessels  radiated  over  its  surface.  Near  the  left 
axilla  there  was  a  flat  nodular  growth  measuring  0.5  centimeter, 
and  presenting  the  same  appearances  as  the  large  tumor. 

Microscopically  this  tumor  consisted  of  lobules  filled  with  closely 
packed  epithelial  cells,  many  of  which  through  pressure  had  become 
flattened  and  spindle-shaped.  These  solid  masses  of  cells  bore  a 
certain  resemblance  to  spindle-cell  sarcoma.  \Miere  the  lobules 
Avere  large,  the  central  portions  were  necrotic.  Mitotic  figures  were 
numerous.  It  should  be  stated  that  at  one  point  where  the  stroma 
was  unusually  well  developed  a  few  acini  occurred,  and  that  the 
second  flat  nodules  presented  the  characters  of  cyst-adenoma. 

49  mice  were  inoculated  from  the  alveolar  tumor,  of  which  10, 
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or  20  per  cent.,  (lcvcl(»])ccl  Uiniors.  Tlie  a\cragc  incubation  period 
was  70  days.  This  tumor  is  now  in  the  sixth  generation,  and  the 
highest  percentage  of  implantations  thus  far  obtained  has  been  59 
per  cent.  The  structure  of  tlie  transplanted  tumors  is  similar  to 
that  of  the  original. 

MOLLUSCOIDAL    TUMOR. 

A  tumor  differing  greatly  from  all  others  which  have  come  to 
our  attention  will  now  be  described.  It  resembles  closely  a 
tumor  described  by  Haaland/^  and,  owing  to  a  certain  resemblance 
to  the  lesions  of  molhisciim  contagiosum,  he  termed  it  "tumeur 
molluscoide."  He  describes  the  tumor  as  being  composed  of  lobules 
with  rounded  bases  at  the  periphery  which  radiate  from  a  common 
centre  in  the  manner  of  the  spokes  of  a  wheel.  The  lobules  are 
broader  at  the  periphery,  and  the  central  portions  of  them  show 
frequently  the  presence  of  keratin.  The  tumor  which  came  to  our 
attention  agrees  closely  with  this  one,  although  the  degree  of  kera- 
tinization  was  somewhat  less.  According  to  Haaland's  view,  the 
tumor  developed  from  hair  follicles,  and  we  are  of  the  opinion  that 
our  tumor  took  its  origin  in  the  same  structures.  He  inoculated 
twelve  mice,  but  in  no  case  did  he  get  a  secondary  growth. 

This  tumor  occurred  in  a  full  grown,  brown,  female  mouse  (Orig- 
inal xxii).  The  growth  was  situated  in  the  right  inguinal  region, 
and  measured  2  by  3  centimeters.  It  had  become  attached  to 
the  skin,  and  ulceration  was  beginning.  The  tumor  also  penetrated 
the  abdominal  muscles  and  projected  slightly  into  the  abdominal 
cavity.  It  was  grayish-w^hite  in  color,  rather  firm,  and  showed  one 
hemorrhagic  area.  There  were  no  cysts.  In  the  upper  portion  of 
the  lower  lobe  of  the  left  lung  a  nodule  measuring  one  millimeter 
in  diameter  was  present. 

At  the  margin  of  the  tumor,  where  it  invaded  the  neighboring 
tissues,  the  cells  were  arranged  in  columns,  consisting  of  solid  growths 
of  epithelial  cells  (Plate  XXV,  Fig.  17).  Where  these  columns 
were  cut  transversely,  they  presented  somewhat  the  appearance  of 
tubules.  The  general  tendency  of  the  tumor  was  to  grow  in  such 
columns.     Tubular  formations  were  also  present,  some  of  which 

"Haaland,  Ann.  de  I'lnst.  Pasteur,  1905,  xix,  163. 
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branched  and  api)eared  to  end  blindly  in  solid  masses  of  cells. 
These  tubules  presented  several  layers  of  cells.  Mitotic  figures 
were  very  common.  Throughout  the  section  irregular  masses  of 
kerato-hyalin  occurred  ( Plate  XX\',  Fig.  i8).  They  usually  occupied 
the  central  portions  of  the  solid  lobules  which  were  found  both  in 
the  periphery  and  central  portions  of  the  tumor.  As  a  rule,  these 
areas  were  more  abundant  in  the  solid  strands  themselves,  but  they 
also  occurred  in  the  tubular  formations,  the  lumen  of  some  of  which 
were  filled  with  it.  The  nodule  in  the  lung  proved  to  be  a  primary 
cyst-adenoma. 

50  mice  were  inoculated  with  the  large  tumor,  but  none  developed 
secondary  tumors. 

PAPILLARY    CYST-ADENOMA    OF   THE    LUNG. 

The  class  of  tumors  to  which  the  primary  lung  tumors  to  be 
recorded  belong  was  first  described  by  Livingood,"*^  who  found  it 
accidentally  in  the  lung  of  a  mouse  dying  of  an  experimental  bac- 
terial infection.  Much  later  Haaland"*^  reported  five  instances  of 
this  tumor,  but  the  most  complete  description  in  the  literature  is  that 
of  Tyzzer,'*^  who  described  a  series  of  twelve  such  tumors.'^'^  It  is 
noteworthy  that  in  Tyzzer's  series  of  cases,  six  of  the  animals  pre- 
sented tumors  in  other  parts  of  the  body,  or  in  other  words,  were 
the  subject  of  multiple  primary  tumors.  Moreover,  the  circum- 
stance should  be  mentioned  that  in  the  examples  described  by 
Haaland  the  mice  had  previously  been  inoculated  with  tumor  frag- 
ments, so  that  he  has  considered  the  possibility  of  their  origin  from 
the  inoculated  material.  Murray^^  has  recently  reported  finding 
this  type  of  lung  tumor,  but  he  does  not  state  wdth  what  frequency. 

Our  observations  are  limited  to  nine  primary  tumors  of  the  lung 

**Livingood,  L.  E.,  Johns  Hopkins  Hosp.  Bull,  1896,  vii,  177. 

*' Haaland,  Ann.  de  I'Inst.  Pasteur,  1905,  xix,  165. 

*®Tyzzer,  E.,  Fourth  Report  of  the  Caroline  Brewer  Croft  Fund  Cancer 
Commission,  1907,  27. 

"  In  a  later  report  (op.  cit.)  Tyzzer  states  that  he  has  met  with  37  mice  show- 
ing primary  lung  tumors.  In  one  family  of  25  mice,  four  examples  of  primary 
adeno-carcinoma  of  the  lung  were  found ;  and  in  another  family  of  100  mice, 
springing  from  a  mouse  with  an  adenoma  of  the  lung,  15  mice  developed  tumors. 

"  Murray,  Scientific  Report  of  the  Imperial  Cancer  Research  Fund,  1908,  No. 
3,  69. 
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of  this  type,  one  animal  of  this  series  presenting  two  such  tumors. 
These  tumors  were  (listril)utccl  as  follows:  two  of  them  occurred  in 
mice  in  which  there  were  hemorrhagic  cyst-adenomata,  four  in  mice 
with  adeno-carcinomata,  one  in  a  mouse  with  multiple  superficial 
tumors,  and  one  in  a  mouse  in  \\liich  the  superficial  tumor  was  a 
spindle-cell  sarcoma.  It  was  this  last  animal  which  showed  two 
primary  lung  tumors,  one  in  each  lung.  With  one  exception,  the 
tumors  were  all  too  small  to  be  used  for  purposes  of  transplantation. 

1.  The  first  of  these  tumors  which  we  came  across  was  in  Orig- 
inal Mouse  xii.  It  was  located  in  the  low^er  margin  of  the  left  lung, 
was  grayish-white  in  color,  and  measured  three  millimeters  in  diam- 
eter. It  projected  slightly  above  the  surface  of  the  pleura,  and  was 
sharply  outlined.  Its  microscopical  appearance  consisted  of  irregu- 
larly projecting  folds  of  connective  tissue  containing  cavities  w^hich 
were  lined  by  columnar  epithelial  cells,  the  outlines  of  which  were 
sharp  ( Plate  XXVI,  Fig.  19).  A  small  bronchus,  the  lumen  of  which 
was  almost  occluded  by  the  growth,  approached  the  periphery  of 
the  tumor.  The  epithelial  cells  of  the  tumor  and  the  bronchus  were 
almost  indistinguishable.  The  central  part  had  begun  to  degen- 
erate and  contained  a  greater  amount  of  fibrous  tissue.  The  cavities 
of  the  tumor  contained  large  cuboidal  cells,  undergoing  degenera- 
tion. Mitotic  figures  were  not  discovered.  The  pulmonary  tissue 
immediately  adjacent  to  the  tumor  was  collapsed.  The  epithelial 
cells  covering  the  papillary  outgrowths  of  connective  tissue  formed 
a  single  layer,  and  the  stroma  was  small  in  amount. 

Serial  sections  showed  the  growth  to  be  wedge-shaped,  and  the 
apex  to  consist  of  two  or  three  papillary  outgrowths  from  the  wall 
of  a  bronchiole.  From  the  front  of  the  organ  the  growth  extended 
along  a  bronchiole  into  the  larger  bronchi  and  the  surrounding  tissue. 

2.  The  second  tumor  of  this  type  occurred  in  Original  Mouse  x. 
The  nodule  measured  0.5  millimeter  and  was  located  in  the  upper 
lobe  of  the  left  lung,  projecting  slightly  above  the  surface  of  the 
organ,  and  being  sharply  outlined.  Under  the  microscope  this  tumor 
proved  to  be  more  solid  than  No.  i.  It  also  invaded  the  pulmonary 
alveoli  to  a  larger  extent,  which  it  appropriated  to  supply  its  frame- 
work. The  individual  cells  were  round  and  the  nuclei  were  rich  in 
chromatin.     Mitotic  figures  were  not  discovered.     In  the  spaces 
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between  the  papillary  outgrowths  luinierous  rather  large  cuboidal 
cells  were  present. 

3.  The  third  tumor  was  found  in  Original  Mouse  xiii.  It  was 
not  seen  at  the  original  examination  of  the  animal,  and  was  detected 
subsequently  in  the  study  of  sections  of  the  lungs.  The  tumor  was 
located  in  the  central  portion  of  the  upper  lobe  of  the  right  lung. 
In  structure  it  resembled  lung  tumor  No.  i,  except  for  the  epithelial 
cells,  which  were  cubical  in  shape  ( Plate  XXVI,  Fig.  20) .  The  general 
structure  of  the  tumor  was  also  more  compact,  since  the  spaces 
between  the  papillary  projections  were  smaller.  Serial  sections 
showed  the  tumor  to  be  conical  in  shape,  and  the  apex  of  the  cone 
to  lie  in  close  relation  with  and  apparently  to  spring  from  a  terminal 
bronchiole  (Plate  XXVII,  Fig.  21). 

4.  This  tumor  was  found  in  Original  Mouse  xvi.  On  the  anterior 
surface  of  the  lower  lobe  of  the  left  lung,  a  grayish-white  mass  one 
millimeter  in  diameter  existed.  It  projected  above  the  pleura  and 
was  sharply  outlined.  Under  the  microscope  this  mass  was  found 
to  be  composed  of  papillary  outgrowths  covered  by  a  single  layer 
of  epithelial  cells  of  cubical  form.  The  cells  were  smaller  than  in 
the  preceding  tumors  of  this  type.  A  special  feature  of  this  tumor 
was  the  presence  of  a  homogeneous  material  separating  the  papillary 
projections  in  the  more  solid  portions,  and  filling  the  small  cystic 
spaces.  Mitotic  figures  were  not  discovered.  There  was  compres- 
sion of  the  surrounding  lung  tissue. 

5.  The  next  tumor  of  this  class  was  found  in  Original  Mouse  xx. 
It  was  situated  in  the  upper  lobe  of  the  right  lung  and  measured 
one  and  one-half  centimeters  in  diameter.  Its  structure  was 
very  similar  to  those  already  described.  The  central  portion  was 
tibrous,  because  of  degeneration  of  that  part  of  the  tumor.  This 
fibrous  tissue  contained  clefts  in  which  there  had  been  fatty  acid 
crystals,  and  the  clefts  were  surrounded  by  foreign  body  giant  cells. 
The  surrounding  lung  tissue  was  collapsed. 

6.  The  next  tumor  of  this  type  occurred  in  Original  Mouse  xxii. 
It  measured  one  miUimeter  in  size  and  occurred  in  the  upper  portion 
of  the  lower  lobe  of  the  left  lung.  It  resembled  in  structure  the 
previous  tumors  described. 

7.  The  seventh  of  the  series  occurred  in  Original  Mouse  xxv.     In 
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this  animal  ilic  liini;-  showed  several  nodules,  two  of  which  were 
situated  near  the  apex  of  the  rii^ht  \u\v^,  and  measured  about  two 
millimeters  in  diameter.  One  of  these  only  was  found  to  be  a 
])rimarv  pulmonary  tumor,  the  others  being  metastases  of  the  super- 
ficial adeno-carcinoma.  The  primary  tumor  corresponded  to  the 
general  tumors  of  this  type  and  differed  greatly  from  the  metastatic 
nodules. 

8.  In  Original  Alouse  xxvi  two  primary  lung  tumors  were  present. 
One  was  found  in  the  upper  lobe  of  the  right  lung  and  the  other  in 
the  upper  lobe  of  the  left  lung.  They  measured  about  one  milli- 
meter in  diameter.  The  superficial  tumor  with  which  they  were 
associated  was  a  spindle-cell  sarcoma.  In  structure  they  were  quite 
similar  to  others  of  this  class  (Fig.  12). 

SARCOMA. 

The  literature  does  not  contain,  as  far  as  I  have  been  able  to  see, 
records  of  the  successful  transplantation  of  primary  sarcoma  of  the 
mouse  into  other  mice,  although  sarcomata  of  rats  have  been  in 
several  instances  transplanted  successfully.  Ehrlich  and  Apolant^^ 
have  reported  the  finding  of  two  mixed  tumors  composed  of  sar- 
comatous and  carcinomatous  elements  in  the  first  generation,  and 
Murray ^^  alludes  to  an  instance  of  a  spindle-cell  sarcoma  found  by 
Jensen  in  a  mouse  sent  to  him  by  Bashford.^^  In  the  latter  instance 
the  growth  surrounded  one  of  the  kidneys  and  although  it  was  trans- 
planted into  a  large  number  of  mice,  it  gave  rise  to  no  implantation 
tumors.  In  the  instances  mentioned  as  having  been  reported  by 
Ehrlich  and  Apolant,  they  regard  the  tumors  as  having  been  original 
carcinomata,  which  w^ere  being  transformed  during  the  original  gen- 
eration into  sarcomata.     Ehrlich  and  Apolant, ^^  Loeb,^^  Liepman^'* 

"Ehrlich  and  Apolant,  Berliner  klin.  JVoch.,  1907,  xliv,  1397. 

'^"Murray,  Scientific  Report  of  the  Imperial  Cancer  Research  Fund,  1908,  No. 

3,  73- 

^^Bashford  and  Murray,  in  a  later  article  (Proe.  of  the  Royal  Med.  and  Chir. 
Soc.  of  London,  Series  B,  1909,  Ixxi,  311),  mention  a  melanoma  or  melandric 
sarcoma  of  the  ear  of  a  mouse,  but  do  not  allude  to  transplantation. 

^  Ehrlich  and  Apolant,  Berliner  klin.  Woch.,  1905,  xlii,  871. 

"Loeb,  Med.  Bull,  1906,  xix,  113. 

"^Liepman,  Mi'inchener  med.  Woch.,  1907,  liv,  1345. 
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and  Bashford^^  all  report  examples  of  the  transformation  of  car- 
cinoma of  the  mouse  into  spindle-cell  sarcoma.  In  all  of  these 
instances  excepting  one,  namely,  that  of  Loeb,  the  changes  occurred 
in  relatively  late  generations,  whereas  the  example  reported  by  Loeb 
is  the  first  instance  in  which  the  change  began  in  the  first  generation. 
I  have  observed  two  instances  of  what  appeared  to  be  primary  sar- 
comatous superficial  tumors  of  the  mouse.  In  both  instances  tissue 
was  examined  from  all  parts  of  the  tumors  in  order  to  exclude  as 
far  as  might  be  possible  a  mixed  carcinoma  and  sarcoma  in  the  first 
generation.  No  evidence  of  epithelium  or  of  cancerous  tissue  was 
detected. 

1.  The  first  of  these  tumors  was  found  in  a  white,  adult,  female 
mouse  (Original  xviii) .  It  was  located  on  the  left  side  immediately 
inferior  to  the  foreleg,  and  extended  over  the  lower  ribs.  It  meas- 
ured three  centimeters  in  diameter.  The  skin  w^as  invaded,  and 
there  was  an  ulcer  measuring  half  a  centimeter  in  diameter 
which  was  superficial  and  covered  with  a  scab.  The  tumor  was 
grayish-white  in  color,  firm  in  consistence  and  had  extended  into  the 
muscles  about  the  ribs  and  projected  into  the  pleural  cavity  as  a  flat 
mass  with  a  concave  surface.  On  section  it  presented  central  necrotic 
masses.  There  were  no  metastases,  but  both  ovaries  w^ere  enlarged, 
firm,  oblong  in  shape  and  about  eight  times  their  normal  size. 

Under  the  microscope  this  tumor  proved  to  be  a  spindle  cell  sar- 
coma, possessing  highly  invasive  properties  and  insinuating  itself 
between  the  voluntary  muscle  fibers  (Plate  XXVII,  Fig.  22).  The 
ribs  were  surrounded  by  tumor  cells,  but  were  not  invaded  them- 
sehes.  The  enlarged  ovaries  were  the  seats  of  papillary  cyst-adeno- 
mata, which  will  be  described  in  another  place. 

60  mice  were  inoculated  from  the  superficial  tumor,  of  which  45 
survived  two  weeks  or  longer.  In  one  instance  a  tumor  developed, 
which  was  detected  on  about  the  70th  day.  The  tumor  grew  slowly 
and  a  portion  of  it  was  removed  for  examination  with  a  view  of 
stimulating  the  growth  of  the  remainder.  The  mouse  succumbed 
soon  after  the  operation,  before  the  growth  had  reached  a  size  large 
enough  for  further  transplantation. 

2.  This  tumor  occurred  in  Original  Mouse  xxvi.     It  was  situated 

^  Bashford,  Berliner  klin.  Woch.,  1907,  xliv,  1238, 
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oil  the  left  side  of  the  chost  just  l)cl'>\\  the  fore  le^:^,  measured  three 
centimeters  in  (h'ainrlcr,  was  llattcncd  and  had  iinadcd  the 
skin.  .V  sniah  nicer  had  appeared  whicli  was  also  attached  to  the 
chest  wall.  althoui;h  it  had  not  penetrated  to  the  pleura.  It  was 
jL;rayish-white  in  color  and  rather  firm  in  consistence.  Tissues 
immediately  surrounding  the  ulcer  were  hemorrhagic,  while  around 
the  main  tumor  they  were  edematous.  A  small  nodule  measuring 
one  millimeter  in  diameter  was  found  in  the  lower  portion  of  the 
upper  lobe  of  the  right  lung.  The  corresponding  portion  of  the 
left  lung  showed  a  similar  nodule.  These  were  primary  tumors 
which  have  been  described  elsewhere.  Both  ovaries  were  enlarged 
to  about  five  times  the  normal  size. 

The  microscope  showed  this  tumor  to  be  also  a  spindle  cell  sar- 
coma which  had  invaded  the  adjacent  muscle  fibers.  Many  of  these, 
or  remains  of  them,  were  contained  in  the  mass  (Plate  XXVIII, 
Fig.  23).  A  large  number  of  eosinophilic  cells  were  scattered 
through  the  tumor.  The  left  ovary  was  the  seat  of  a  cyst  adenoma 
to  be  described  elsewhere. 

40  wdiite  mice  were  inoculated  from  the  superficial  tumor,  of 
which  14,  or  35  per  cent.,  developed  tumors.  The  average  incuba- 
tion period  was  30  days.  The  tumors  presented  the  same  histo- 
logical character  as  the  original,  and  are  now^  growing  in  the  second 
generation. 

LYMPHO-SARCOMA   AND    HODGKIN's   DISEASE. 

The  first  tumors  of  this  class  were  described  by  Haaland.^^  He 
described  in  all  six  examples  of  mice  in  wdiich  the  lymphoid  tissue 
throughout  the  body  was  so  greatly  increased  that  he  concluded  that 
the  condition  consisted  not  of  tumor  formation  in  the  true  sense 
so  much  as  an  hypertrophy  or  hyperplasia  of  the  preexisting  lym- 
phoid structures.  He  inoculated  other  mice  with  the  lymphatic 
material  without  results.  On  the  other  hand,  through  having  kept 
mice  in  a  cage  with  an  animal  affected  in  this  way,  he  observed  five 
similar  formations  in  the  mice  introduced  into  the  cage  within 
a  period  of  two  years.     Tyzzer^"  reports  two  instances  of  a  condi- 

°®  Haaland,  Ann.  dc  I'Inst.  Pasteur,  1905,  xix,  197. 

"^  Tyzzer,  Fourth  Report  of  the  Caroline  Brezver  Croft  Fund  Cancer  Com- 
mission, 1907,  2y. 
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tion  somewhat  resembling  the  condition  described  by  Haaland,  but 
he  states  that  they  presented  the  appearance  of  a  '*  well-defined 
primary  growth  without  appreciable  hyperplasia  of  the  lymphoid 
tissues  elsewhere  in  the  body."^^  Murray^^  reports  four  similar 
instances.  In  two,  a  general  hyperplasia  of  the  lymphoid  tissue 
existed,  and  in  two,  the  tumors  were  more  localized.  Both  Tyzzer 
and  iMurray  failed  to  transplant  successfully  the  tumors  to  other 
mice. 

I.  The  first  example  which  I  observed  occurred  in  a  white,  female 
mouse  (Original  xvii).  On  each  side  of  the  neck  were  masses 
measuring  1.2  centimeters  in  diameter  which  were  freely  movable 
and  not  attached  either  to  the  skin  or  to  the  deeper  tissues. 
The  axillce  contained  masses  measuring  from  five  to  seven  milli- 
meters and  the  right  inguinal  region,  a  mass  measuring  five  milli- 
meters. All  of  these  presented  the  same  naked  eye  appearances. 
They  were  grayish-white  in  color,  quite  uniform  and  not  lobulated. 
The  liver  was  mottled,  owing  to  the  presence  on  the  usual  dark 
ground  of  many  minute  grayish  points.  The  upper  pole  of  the 
right  kidney  contained  a  grayish  nodule  measuring  one  and  one-half 
millimeters  and  the  left  kidney  showed  two  smaller  nodules.  Two 
small  masses  occurred  in  the  retro-peritoneal  tissues  just  behind  the 
left  kidney.  Two  masses  measuring  seven  millimeters  in  diameter 
were  attached  to  the  mesentery.  The  lungs  also  contained  several 
small  foci,  gray  in  color  and  sharply  outlined.  The  spleen  was 
considerably  enlarged  and  mottled. 

Under  the  microscope  the  structure  of  all  of  the  different  masses 
described  proved  to  be  the  same.  The  masses  were  made  up  almost 
exclusively  of  small  round  lymphoid  cells  possessing  a  compara- 
tively large  pale  vesicular  nucleus  and  a  narrow  rim  of  cytoplasm. 
The  cells  were  of  the  type  found  in  the  germinal  centres  of  the 
lymph  follicles.  The  stroma  was  delicate  except  where  the  larger 
blood  vessels  coursed.  Alitotic  figures  were  not  numerous.  In 
addition  to  the  larger  cells  described,  others  of  the  usual  lympho- 

"^  Tyzzer  states  in  his  later  paper  (op.  cit.)  that  he  has  met  with  10  mice 
showing  lympho-sarcoma ;  and  Bashford  and  Murray  in  their  last  report  (op. 
cit.)   record  another  instance  of  generalized  lympho-sarcoma. 

'*  Murray,  Scientific  Report  of  the  Imperial  Cancer  Research  Fund,  1908, 
No.  3,  74. 
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cytic  type  were  present.  Small  necrotic  areas  occurred  here  and 
there  in  some  of  the  nodules. 

Tlie  lungs  showed  much  more  replacement  of  the  pulmonary 
tissue  hy  the  lymphoid  growth  than  was  noticeable  to  the  naked  eye. 
When  tlic  lymphatic  nodules  were  small  they  were  confined  to  the 
perivascular  and  peribronchial  tissues,  but  the  larger  masses  also 
invaded  the  pulmonary  tissue.  In  addition,  small  accumulations  of 
cells  of  the  same  general  type  occurred  beneath  the  visceral  pleura. 
Mitotic  figures  were  fairly  common.  In  other  respects  the  lungs 
were  congested  and  edematous,  and  contained  numerous  phagocytic 
cells  containing  pigment.  It  may  be  remarked  that  the  pulmonary 
condition  was  similar  to  that  described  by  Haaland. 

The  spleen  was  greatly  modified,  since  both  the  pulp  and  the 
follicles  were  diffusely  infiltrated  with  the  lymphoid  cells  in  such  a 
way  as  to  make  the  normal  structure  of  the  organ  indistinct. 
Many  myeloid  giant  cells  were  present,  as  is  not  uncommon  in  the 
spleen  of  the  normal  mouse.  The  sinusoids  of  the  spleen  were 
greatly  distended  with  the  cells,  w^hich,  on  the  whole,  appeared 
larger  than  the  average.     Mitotic  figures  were  numerous. 

The  liver  also  exhibited  an  extensive  invasion  with  the  new  cells. 
In  some  places  the  growth  of  these  cells  had  replaced  the  normal 
tissue  to  such  an  extent  that  nothing  of  the  liver  structure  remained 
visible.  In  other  places  the  cells  had  grown  into  and  distended  the 
sinusoids,  producing  a  compression  of  the  row-s  of  liver  cells. 
Sometimes  the  new  cells  had  spread  out  diffusely  and  at  other  times 
they  had  been  confined  to  definite  loculi.  The  interlobular  tissue 
was  more  aft'ected  than  other  parts. 

The  new  cells  in  the  kidney  were  confined  almost  entirely  to  the 
cortex  of  the  organ.  The  growth  in  the  cortex  was  intertubular 
and  periglomerular ;  in  the  medulla  it  surrounded  the  vessels  only. 

lOO  mice  were  inoculated  with  the  material  from  the  superficial 
masses,  70  were  inoculated  from  the  masses  in  the  neck,  10  from 
the  mass  in  the  left  axilla,  10  from  the  mass  beneath  the  right  pec- 
toral muscles,  and  10  from  the  mass  in  the  right  inguinal  region. 
At  the  end  of  two  weeks  60  of  these  mice  remained  alive,  of  w'hich 
one  developed  a  tumor.  This  growth  was  first  noticed  120  days 
after  the  inoculation.     When  the  growth  had  attained  the  size  of 
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four  by  seven  millimeters,  a  portion  was  removed  for  further  inocu- 
lation and  for  histological  study.  The  fragment  which  was  left 
behind  underwent  absorption.  20  mice  were  inoculated  with  the 
excised  fragment,  but  none  developed  tumors.  Under  the  micro- 
scope the  structure  of  this  implantation  nodule  was  in  all  respects 
similar  to  the  original  growths,  except  that  the  mitotic  figures  were 
more  numerous,  as  were  the  capillaries.  The  stroma  presented  the 
character  of  the  stroma  of  the  original  nodules. 

2.  The  second  example  appeared  in  a  white,  female  mouse  (Orig- 
inal xxi)  which  showed  a  superficial  tumor  in  the  right  inguinal 
region.  The  mass  measured  one  centimeter  and  was  freely 
movable.  A  portion  of  the  tumor  was  removed  by  operation.  It 
was  grayish-white  in  color  and  somewhat  lobulated.  The  fragment 
of  tumor  left  behind  did  not  increase  appreciably  in  the  next  14 
days,  the  period  during  which  the  mouse  survived.  The  autopsy 
showed  a  small  mass  one  millimeter  in  diameter  in  the  upper  margin 
of  the  lower  lobe  of  the  right  lung.  It  appeared  to  be  a  metastasis. 
Unfortunately  the  tissues  removed  at  the  autopsy  were  lost,  and  only 
the  portions  removed  by  operation  remained  for  further  study. 

This  tumor  w^as  composed  for  the  most  part  of  cells  of  the  lym- 
phoid type  which  were  somewhat  smaller  in  size  than  in  the  pre- 
ceding case.  While  many  of  the  cells  resembled  the  lymphocyte, 
others  were  somewhat  larger  and  possessed  pale  vesicular  nuclei. 
The  stroma  consisted  of  a  delicate  reticulum  enclosing  small  masses 
of  cells.  In  the  periphery  there  w^ere  many  capillaries.  Mitotic 
figures  were  not  very  numerous.  Two  appearances  are  highly 
important :  in  the  first  place  there  were  many  eosinophilic  cells  scat- 
tered through  the  tissue,  and  next  there  also  occurred  here  and 
there,  and  particularly  in  the  more  central  parts  of  the  growth,  large 
areas  composed  of  a  reticulum  coarser  than  the  usual  reticulum  and 
containing  spaces  enclosing  large  endothelioid  cells,  of  which  some 
were  multinuclear.  In  addition  these  areas  contained  large  and 
small  lymphoid  cells,  a  smaller  number  of  eosinophilic  and  a  large 
number  of  plasma  cells.  The  endothelioid  cells  presented  irregular 
margins  and  contained  a  large  amount  of  cytoplasm  that  was  strongly 
eosinophilic.  The  nuclei  of  these  cells  were  either  vesicular  or 
solid  and  dense.     A  certain  number  of  mitotic  figures  wxre  present 
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amoiif^  these  cells.  11ic  lari^o  multiniicleated  or  i^iant  cells  showed 
nuclei  which  were  usually  vesicular  and  contained  a  coarse  chro- 
matin network  which  was  disposed  in  an  irre.e^ular  fashion  in  the 
cytoplasm.  Fn  these  areas  the  lymphocytes  were  few  in  number, 
and  the  other  cells  relatively  numerous.  A  small  number  of  cells 
containinj^  basophilic  i^ranules  were  also  present. 

The  description  just  i^^iven  indicates  that  the  tumor  in  this  animal 
possessed  the  histological  characters  of  Hodgkin's  disease,  as  has 
been  described  by  Reed,  Longcope  and  others,  in  human  beings.  It 
is  true  that  the  eosinophilic  cells  were  perhaps  less  numerous  in  the 
mouse  nodule  than  is  the  case  usually  in  the  human  disease,  but 
Longcope  has  pointed  out  that  in  the  later  stages  of  the  disease  in 
human  beings  the  eosinophilic  cells  also  diminish.  Whether,  there- 
fore, we  are  to  regard  the  nodule  in  the  mouse  as  representing  a  late 
stage  of  the  disease,  or  whether  in  this  animal  the  eosinophilic  cells 
tend  to  be  less  numerous,  must  be  left  undecided. 

OVARIAN  TUMOR. 

I  have  observed  two  examples  of  tumors  affecting  the  ovaries, 
and  it  is  interesting  to  note  that  in  both  cases  the  large  superficial 
tumors  also  present  consisted  of  spindle-cell  sarcomata. 

I.  The  first  example  occurred  in  Original  xviii.  In  this  white 
mouse  both  ovaries  were  enlarged,  firm  in  consistence,  oblong  in 
shape,  and  about  eight  times  the  normal  size.  Under  the  micro- 
scope the  two  organs  presented  the  same  appearances  which  were 
interpreted  as  representing  papillary  cyst-adenomata.  There  had 
taken  place  a  great  increase  of  the  epithelial  cells,  which  formed 
solid  masses  somewhat  compressed  and  elongated  into  spindle  cells 
and  cysts  of  different  sizes,  usually  small  and  more  or  less  occupied 
by  the  papillary  outgro\vths  from  their  walls.  These  outgrowths 
developed  from  narrow  or  somewhat  thicker  pedicles  and  spread 
out  into  a  fan-like  structure.  The  epithelial  cells  which  covered 
the  papillae  and  the  walls  of  the  cysts  w^ere  rich  in  cytoplasm  and  the 
nuclei  of  the  cells  were  usually  vesicular  but  sometimes  dense.  The 
more  solid  portions  of  the  organs  were  at  one  time  cystic  but  the 
cysts  became   occluded   by   the   ingrowth   of  the   papillre.     Acini 
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possessing"  a  distinctly  granular  form  and  arrangement  also  occurred. 
Mitotic  figures  were  rarely  seen,  but  appearances  suggestive  of 
direct  cell  division  were  more  frequent.  Hemorrhage  had  taken 
place  into  some  of  the  cysts.  Sections  stained  by  Mallory's  con- 
nective tissue  method  revealed  a  delicate  basement  membrane  of 
connective  tisstie  surrounding  the  small  cysts  and  the  more  solid 
portions  as  subdivided  into  small  areas  of  quite  definite  form. 
These  latter  areas  were  filled  with  epithelial  cells  of  a  granular 
quality  resembling  somewhat  the  lutein  cells  of  the  ovary. 

2.  The  second  example  of  ovarian  tumor  occurred  in  Original 
Mouse  xxvi.  The  left  ovary  was  about  five  times  the  normal  size 
and  showed  under  the  microscope  numerous  large  cysts  separated 
by  smaller  ones  and  the  tubules  of  the  ovary.  The  cysts  and  tubules 
were  lined  by  high  columnar  epithelium,  but  cilia  were  not  demon- 
strated. In  some  of  the  larger  cysts  the  lining  epithelium  had 
become  flattened.  The  tissue  separating  the  cysts  was  composed  to 
a  large  extent  of  smooth  muscle  cells  arranged  in  strands  or  in 
bundles.  Sections  stained  by  Mallory's  phosphotungstic  acid  and 
hematoxylin  brought  out  the  myoglia  fibrils.  The  nuclei  of  these 
muscle  cells  were  large  and  vesicular  and  showed  a  few  mitotic 
figures.  In  certain  portions  the  granular  structures  were  few  and 
the  muscular  fibres  many,  so  that  the  appearance  presented  was  that 
of  a  leiomyoma. 

CONCLUSIONS. 

There  have  come  to  our  hands  within  a  period  of  about  two  years 
and  as  a  result  of  relatively  non-strenuous  efforts  26  mice  which 
had  developed  spontaneous  tumors,  and  according  to  our  interpre- 
tations these  26  mice  were  the  subjects  of  41  primary  tiunors. 

Our  experience  agrees  with  the  observations  of  others  that  it  is 
especially,  and  perhaps  almost  exclusively,  the  female  mice  which 
develop  spontaneous  tumors.  In  no  instance  has  a  male  mouse  pos- 
sessing a  spontaneous  tumor  come  into  our  hands. 

Our  experience  is  further  in  agreement  with  previous  observa- 
tions which  teach  that  by  far  the  greater  number  of  the  spontaneous 
tumors  of  the  mouse  develop  from  the  mammary  glands.  Of  the 
41  timiors  which  we  have  described.  29  arose  in  portions  of  the  body 
corresponding  with  the  distribution  of  the  mammary  glands. 


J.   ^V.  JoUing.  115 

Choosini;-  llic  classification  adopted  by  Apolant,  we  have  found 
among  the  true  tumors  of  the  mammary  glands  representatives  of 
each  of  his  classes. 

We  also  obscr\c(l  an  example  of  an  adenomatous  tumor  arising 
from  a  portion  of  the  body  corresponding  with  the  distribution  of 
the  mammary  gland  \\hich  exhibited  the  structure  of  the  typical 
sebaceous  glands  rather  than  the  mammary  gland,  and  which  we 
have  classified  under  the  molluscoidal  tumors  of  Haaland. 

Metastases  occurred  in  a  certain  number  of  the  mice  showing 
spontaneous  tumors.  When  present  they  were  exclusively  in  the 
lungs.  We  did  not  observe  a  single  instance  of  metastasis  to  other 
organs,  or  to  the  lymphatic  glands. 

Next  to  the  mammary  glands  the  lungs  showed  in  our  series  the 
most  numerous  primary  tumors.  According  to  our  interpretations 
we  encountered  nine  examples  of  primary  pulmonary  tumors,  which 
were  always  associated  with  superficial  tumors  of  the  body.  It  is 
noteworthy  that  w'e  have  not  come  across  a  single  instance  of  a 
primary  pulmonary  tumor  among  several  thousand  mice  not  show- 
ing superficial  spontaneous  tumors,  which  have  been  subjected  to 
careful  post-mortem  examination.  It  would  be  easy  to  conclude, 
therefore,  that  the  occurrence  of  spontaneous  tumors  in  one  part 
of  the  body  in  mice  predisposes  them  to  the  development  of  spon- 
taneous tumors  of  the  lungs,  but  obviously  such  a  deduction  is  not 
warranted  at  present.  The  first  example  of  this  type  of  tumor  was 
described  by  Livingood. 

Our  observations  of  two  primary  sarcomata  of  the  superficial 
tissues  of  the  mouse  is  apparently  unique.  We  believe  that  we 
excluded,  probably,  the  possibility  that  the  tumors  were  mixed  sar- 
coma and  carcinoma.  Moreover,  they  exhibited  properties  unlike 
the  superficial  carcinoma  of  the  mouse,  since  they  were  far  more 
invasive  locally.  Our  success  in  transplanting  both  of  these  sarco- 
mata is  also  unique.  In  the  first  case  a  single  successful  graft  which 
was  not  further  transplanted  was  obtained;  in  the  second  case  the 
sarcoma  is  being  successfully  transplanted  at  the  present  time. 

We  observed  two  examples  of  tumors  developing  from  the  lym- 
phatic organs.  One  of  these  belonged  obviously  to  the  so-called 
lympho-sarcoma  of  mice.     The  other,  we  believe,  is  unique  in  so  far 
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as  its  identification  with  the  pathological  condition  described  in 
human  beings  under  the  name  of  Hodgkin's  disease  is  concerned. 
Furthermore,  we  succeeded  for  the  first  time,  apparently,  so  far  as 
the  records  in  the  literature  go,  in  transplanting  successfully  a 
lympho-sarcoma.  In  one  mouse  an  undoubted  development  of  the 
transplanted  graft  occurred. 

Wq  also  observed  two  examples  of  ovarian  tumors,  both  of  which 
were  of  the  nature  of  papillary  cyst-adenoma.  These  tumors  arose 
in  mice  which  were  the  subjects  of  spindle-cell  sarcoma  of  the  super- 
ficial tissues. 

Our  experience  in  the  transplantation  of  the  spontaneous  mouse 
tumors  agrees  generally  with  that  of  other  investigators.  It  would, 
however,  appear  that  we  have  been  on  the  whole  more  successful 
than  others  in  the  transplantation  of  the  hemorrhagic  class  of  mam- 
mary gland  tumors,  the  so-called  hemorrhagic  cyst-adenomata.  An 
explanation  for  this  discrepancy  cannot  be  readily  given.  It  is,  of 
course,  possible,  since  such  great  variations  are  known  to  exist 
among  mice  as  regards  their  susceptibility  to  tumor  implantation, 
that  the  American  mice  are  more  subject  to  implantation  of  the 
hemorrhagic  tumors  than  the  European  mice,  but  it  is  also  possible 
that  we  have  interpreted  somewhat  more  broadly  than  others  the 
class  of  hemorrhagic  tumors.  If  the  latter  statement  is  true,  the 
tendency  w^as  an  unconscious  one,  and  suggests  that  different  work- 
ers w'ill  probably  interpret  these  tumors  quite  differently. 

Finally,  this  study  indicates  that  mice  are  subject  to  a  wade 
variety  of  spontaneous  tumors,  and  suggests  that  the  more  widely 
the  study  is  carried,  the  greater  will  be  found  the  number  and  variety 
of  tumors  to  which  they  are  susceptible. 

For  the  present  we  prefer  to  believe  that  spontaneous  tumors  are 
more  frequent  in  female  than  in  male  mice,  but  that  they  also  will 
be  found  to  occur  perhaps  not  very  uncommonly  among  the  latter. 
The  point  should  be  borne  in  mind  that  by  far  the  greater  number 
of  spontaneous  tumors  of  mice  which  have  thus  far  come  under 
observation  have  been  present  in  old  female  mice.  The  business  of 
breeding  mice  for  sale  leads  to  the  retention  of  the  female  breeders 
until  they  become  exhausted  in  this  function  by  age,  and  the  chang- 
ing and  weeding  out  of  the  males  while  they  are  still  much  younger. 
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Consccjiicnlly,  far  fewer  males  reaeli  coniparaliNcly  old  ai^c  in  the 
sense  that  tlie  female  breeders  do,  and  this  may  he  an  important 
factor  in  aceonntin^i;-  for  the  differenee  in  susceptibility  to  spon- 
taneous tumors  hitherto  obserxed  in  the  two  sexes. 

EXPLANATION    OF    PLATES. 

Plate  XVIL 

Fig.  I.  Orif^inal  Mouse  Tumor  iv.  Adcno-carcinonia.  In  the  central  and  upper 
portions  tlic  growth  is  almost  purely  adenomatous,  although  there  are  also 
several  nests  of  cells  in  which  the  glandular  arrangement  is  not  evident.  The 
lower  right  hand  portion  shows  the  solid  areas  more  clearly. 

Fig.  2.  Daughter  tumor  of  lifth  generation.  The  growth  here  is  solid  and 
there  are  no  evidences  of  acini.  The  stroma  is  edematous.  The  presence  of  fat 
cells  just  below  the  center  and  to  the  left  of  it  denotes  the  invasive  character  of 
the  tumor. 

Plate  XVIIL 

Fig.  3.  Daughter  tumor  of  sixth  generation.  Shows  apparent  reversion  to 
original  type.  It  is  composed  almost  wholly  of  acini  and  shows  marked  edema 
throughout.  It  is  very  similar  to  the  primary  tumor,  though  the  stroma  is  not 
so  well  developed. 

Fig.  4.  Primary  Tumor  vi.  The  tumor  is  composed  mainly  of  acini,  some  of 
which  have  become  dilated  and  form  small  cysts.  The  stroma  is  not  well 
developed.     Solid  nests  of  cells  are  not  infrequent. 

Plate  XIX. 

Fig.  5.  Daughter  tumor  of  second  generation.  The  growth  is  solid  and 
there  are  no  evidences  of  acini.  The  stroma  is  very  delicate  in  character.  A 
few  blood-vessels  with  very  thin  walls  are  to  be  seen. 

Fig.  6.  Daughter  tumor  of  the  second  generation.  Lobules  show  necrotic 
centers.  The  stroma  separating  the  lobules  is  well  developed  and  very  cellular. 
Numerous  large  blood-vessels  with  very  thin  walls  are  to  be  seen.  The  appear- 
ance here  is  very  suggestive  of  a  beginning  sarcoma. 

Plate  XX. 

Fig.  7.  Primary  Tumor  xiii.  Adeno-carcinoma.  The  growth  is  composed  of 
acini  which  are  separated  from  one  another  by  a  very  delicate  stroma.  Several 
blood-vessels  are  to  be  seen. 

Fig.  8.  Daughter  tumor  of  third  generation.  The  growth  is  composed  of 
lobules,  the  central  portions  of  which  are  necrotic.  A  few  acini  are  to  be  seen 
between  the  lobules. 

Plate  XXI. 
Fig.  9.     Primary  Tumor  xxiv.     Adeno-carcinoma.     This  shows  a  small  area 
of  keratinization  in  the  more  solid  portion  of  the  tumor.     Numerous  acini  are 
present. 
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Fig.  10.  Primary  Tumor  xxv.  The  mass  of  keratin  in  llic  center  is  sur- 
rounded by  numerous  large  cysts  and  a  number  of  normal  appearing  acini.  The 
cysts  are  filled  with  a  finely  granular  and  faintly  staining  material.  In  places  the 
acini  are  widely  separated  by  the  serous  exudate. 

Plate  XXII. 

Fig.  II.  Primary  Tumor  xxv.  Extra  vascular  lung  metastasis.  There  are 
numerous  acini,  although  the  growth  is  composed  mainly  of  nests  of  cells. 
Several  mitotic  figures  are  present.     The  stroma  is  very  delicate. 

Fig.  12.  Primary  papillary  cyst-adenoma  from  the  lung  of  the  same  mouse. 
This  figure  is  to  be  compared  with  Fig.  ii.  The  former  is  a  metastasis  from 
the  large  subcutaneous  tumor  shown  in  Fig.  lo.  The  irrcgidar  papillary  in- 
growths are  covered  by  a  single  layer  of  columnar  epithelium.  A  few  necrotic 
cells  are  to  be  seen  in  the  cavities.  The  connective  tissue  framework  is  not 
well  developed.  The  different  characters  of  the  growths  shown  in  Figs,  ii  and 
12  justify  us,  we  think,  in  concluding  that  the  tumors  are  entirely  independent 
of  one  another  in  their  origin. 

Plate  XXIII. 

Fig.  13.  Mouse  Tumor  iii.  Daughter  tumor  of  first  generation.  This  shows 
very  well  the  hemorrhagic  type  of  adcno-carcinoma.  There  are  numerous  large 
cysts  into  which  hemorrhages  have  occurred.  Those  cysts  not  showing  hemor- 
rhagic contents  arc  usually  filled  with  a  serous  exudate.  The  growth  between 
the  cysts  is  usually  solid  in  character,  though  a  few  acini  are  to  be  seen. 

Fig.  14.  Mouse  Tumor  iii.  Tumor  of  second  generation.  The  growth  shown 
here  is  to  be  compared  with  that  of  the  first  generation  as  shown  in  Fig.  13. 
The  tendency  here  is  towards  the  formation  of  irregular  clefts  and  papillary 
ingrowths.  This  is  the  "  spalten  bildendcs  "  type  of  Apolant.  Hemorrhages  are 
much  less  frequent  in  this  tumor.  The  stroma  is  rather  cellular  and  well 
developed  in  places. 

Plate  XXIV. 

Fig.  15.  Primary  Tumor  x.  This  is  also  typical  of  the  hemorrhagic  type  of 
adeno-carcinoma.  In  the  center  are  two  large  blood-vessels  in  the  midst  of 
necrotic  tissue.  The  walls  of  the  vessels  are  very  thin  and  are  surrounded  with 
a  thin  mantle  of  tumor  cells.  Hemorrhages  are  to  be  seen  everywhere  through- 
out the  section.     Numerous  acini  are  present. 

Fig.  16.  Mouse  Tumor  xx.  Daughter  tumor  of  first  generation.  This  tumor 
is  composed  of  lobules,  the  central  portions  of  which  are  necrotic,  but  the 
remarkable  feature  of  the  growth  is  the  cellular  stroma  separating  the  lobules. 
In  places  the  appearance  of  this  tumor  is  very  suggestive  of  a  mixture  of 
sarcoma  and  carcinoma. 

Plate  XXV. 
Fig.  17.     Primary  Tumor  xxii.     Molluscoidal  type.     This  shows  the  radiating 
columns  of  cells  at  the  periphery.     Some  of  the  columns  show  a  lumen  on  cross 
section.     The  next  figure  shows  that  a  number  also  contain  masses  of  keratin. 
The  appearance  presented  in  the 'deeper  portions  is  that  of  an  adenoma. 
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I'"i(;.  i»*^.  rn'm.iry  Tiimor  xxii.  l^ortion  of  s.'inic  tniiiDr  wliicli  shows  masses 
of  keratin.  The  keratin  occurs  not  only  in  hirge  masses  but  is  also  seen  in 
longitudinal  sections  of  the  smaller  tubules.  On  the  right  the  branching  of  the 
tubules  is  very  evident. 

Plati-  XXVI. 

Img.  19.  Primary  lung  tumor  in  Tumor  Mouse  xix.  The  structure  here  is 
typical  of  most  of  the  primary  lung  tumors  of  our  scries.  The  papillary  in- 
growths are  covered  with  a  single  layer  of  rather  high  cohunnar  epithelium. 
The  stroma  is  delicate  in  character.  The  cell  outlines  arc  distinct  and  they  can 
easily  be  difTerentiated  from  one  another. 

Fig.  20.  Original  Mouse  Tumor  xiii.  Primary  lung  tumor.  This  growth  is 
more  compact  than  any  of  the  others  of  this  series.  To  the  left  of  the  center 
there  is  a  small  bronchus,  the  lumen  of  which  has  been  entirely  occluded  by  the 
tumor  growth. 

Plate  XXVII. 

Fig.  21.  Original  Mouse  Tumor  xiii.  This  shows  what  apparently  is  the 
point  of  origin  of  the  primary  lung  tumor  shown  in  Fig.  20.  The  growth  was 
wedge-shaped  and  this  corresponds  with  the  apex  which  apparently  was  located 
at  the  termination  of  one  of  the  bronchioles. 

Fig.  22.  Primary  Tumor  xviii.  Sarcoma.  The  growth  is  composed  of  spindle- 
shaped  cells  which  can  be  seen  invading  the  surrounding  muscle  tissue.  Some 
of  the  muscle  cells  are  undergoing  pressure  atrophy,  but  the  majority  are  well 
preserved. 

Plate  XXVIII. 

Fig.  23.  Primary  Tumor  xxvi.  Sarcoma.  The  cells  are  irregular  in  size  and 
shape,  but  the  dominant  type  is  that  of  a  spindle-celled  sarcoma. 
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TRANSPLANTATION    EXPERIMENTS    IN    MACACUS 
RHESUS   WITH   A  CARCINOMATOUS   TERA- 
TOMA  EROM    MAN. 

By  J.  W.  JOBLING,  M.D. 

{From  the  Laboratories  of  the  Rockefeller  Institute  for  Medical  Research, 

New  York.) 

Although  many  attempts  have  been  made  to  graft  human  tumors 
upon  the  lower  animals  none  have  been  really  successful.  The 
experiment  of  Roux  and  Aletchnikoff^  with  anthropoids  was  a 
failure.  The  use  of  the  dog,  rat,  etc.,  has  not  given  promising 
results.  The  remarkable  experience  Lewin-  relates  of  the  develop- 
ment of  a  granulation  tissue  tumor  in  a  dog  inoculated  from  a 
malignant  adeno-cystoma  of  the  ovary  has  not  yet  been  satisfactorily 
accounted  for. 

With  our  present  knowledge  gained  chiefly  from  studies  of  trans- 
plantable tumors  of  mice,  rats  and  dogs,  we  can  predicate  that  even 
when  transplantation  is  easily  accomplished  within  species  it  fails 
when  attempted  between  nearly  related  species.  Hence  we  should 
not  expect  that  fragments  of  tumors  removed  from  human  beings 
should  develop  to  any  extent  in  other  species  of  animals.  However, 
a  final  decision  on  this  point  may  well  be  deferred  until  a  number  of 
essays  with  a  wide  variety  of  tumors  and  several  species  of  animals 
have  been  made.  At  present  we  can  view  the  problem  of  engrafting 
tumors  upon  heterologous  species  from  two  points :  first,  in  relation 
to  true  grafting  in  which  the  tumor  fragment  actually  takes  hold 
and  grows ;  and  second,  in  relation  to  mere  ability  to  increase  some- 
what in  size  for  a  short  time,  owing  to  temporarily  favorable  condi- 
tions of  nutrition  and  restraint  of  autolytic  disintegration.  This 
indirect  form  of  growth,  wdiich  Ehrlich^  first  described  under  the 

^Roux  and  Metchnikoff,  Bull,  dc  L'Acad.  de  med.,  1903,  1,  loi. 

'Lewin,  Zeit  f.  Krebsforsch.,  1906,  iv,  55. 

^Ehrlich,  P.,  Arb.  a.  d.  k.  I)ist.  f.  exper.  Therapie,  1906,  No.  i,  2. 
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name  of  zii^-zag  transplanlalion,  docs  not  always  occnr,  and  prob- 
ably is  dependent  somewhat  upon  nearness  of  relationship  between 
the  species — one  that  supplies  and  one  that  receives  the  grafts. 
That  some  such  factor  operates  at  times  is  rendered  probable  by  the 
far  greater  reactions  of  inflammation  which  occnr  when  the  species 
are  widely  separated  than  when  nearly  related.  Dr.  Flexner  and  I 
have  made  observations  of  this  kind  with  a  transplantable  rat  tumor 
ingrafted  in  nn'ce,  rabbits,  and  guinea-pigs.  A  similar  interpreta- 
tion can  be  put  upon  some  of  Loeb's^  experiments. 

It  is  now  generally  recognized  that  in  order  to  secure  satisfactory 
results  the  transplantations  must  be  carried  out  with  great  care  so  as 
to  avoid  bacterial  infection  and  consequent  inflammatory  reaction, 
and  no  foreign  fluids  should  be  allow^ed  to  come  into  contact  with 
the  graft.  Unless  these  precautions  are  observed  failure  may  result 
even  with  readily  transplantable  tumors,  and  when  the  fate  of  the 
grafts  is  to  be  follow^ed  day  by  day  by  accurate  measurements,  the 
inflammatory  reactions  about  the  fragments  must  be  controlled. 
From  this  source  alone  actual  increase  in  size  may  occur  and  it 
can  be  excluded  as  a  factor  only  by  excising  some  of  the  enlarged 
grafts  and  subjecting  them  to  microscopical  examination. 

The  history  of  the  tumor,  which  follows  in  brief  form,  is  con- 
vincing as  to  its  malignancy. 

S.  L.,  female,  white,  age  14  years.  Patient  was  first  admitted  to  the  Pres- 
byterian Hospital  in  the  service  of  Dr.  A.  J.  McCosh  on  January  18,  1908. 
One  sister  when  sixteen  years  of  age  had  a  dermoid  cyst  removed.  Patient  had 
an  enlargement  of  the  abdomen  \vhich  had  been  present  for  two  months.  A 
diagnosis  of  a  dermoid  cyst  of  the  ovary  complicated  by  intestinal  obstruction 
was  made.  The  patient  was  operated  upon  the  day  of  admission.  There  w^as 
found  a  smooth  walled  cyst  the  size  of  a  foot-ball,  which  was  friable  and  con- 
tained a  mass  of  heterogeneous  tissue.  The  cyst  was  first  drained  and  then 
drawn  into  the  incision,  when  a  large  amount  of  grumous  gelatinous  material 
escaped. 

Pathological  Report. —  (Kindly  supplied  by  Dr.  Opie.)  The  tumor  is  made 
up  of  fibrous  tissue,  some  striated  muscle,  and  a  number  of  hair  follicles.  There 
are  also  some  papillomatous  structures  and  epithelial  whorls. 

The  patient  appeared  relieved  until  twelve  days  after  the  operation,  when 
pain,  vomiting  and  distention  of  the  abdomen  appeared,  and  with  these  sjTnp- 
toms  a  perceptible  mass  in  the  original  locality.  The  mass  continued  to  develop 
until  February  9,   when   it  was   again   operated   upon.     At   the   operation   there 

*Loeb,  L.,  Jour,  of  Med.  Research,  1902,  viii,  i. 
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was  found  a  mass  of  old  organized  and  inorganized  blood  in  the  region  of  the 
hepatic  flexure  of  the  colon  and  considerable  fibrin  and  masses  of  tissue  looking 
like  cyst  elements  (bone,  cartilage,  etc.)  in  the  lower  portion  of  the  abdomen. 
The  report  from  the  pathological  laboratory  on  the  material  obtained  at  this 
operation  was  "  that  it  consists  of  masses  of  hyaline  cartilage  which  are  infil- 
trated with  a  few  polymorphonuclear  cells.  The  stroma  is  composed  of  tibrous 
tissue,  fat  and  extravasated  blood,  and  contains  numerous  cells  of  the  poly- 
morphonuclear and  lymphoid  type." 

The  patient  was  discharged  three  weeks  later  apparently  well,  but  after 
another  three  weeks  returned  on  account  of  a  growth  about  the  size  of  a  cocoa- 
nut  in  the  original  locality.  She  was  operated  upon  the  following  day,  when 
there  was  found  a  mass  filling  the  right  lower  quadrant  of  the  pelvis,  which 
was  composed  of  a  tenacious,  hemorrhagic  material  involving  all  the  structures 
in  this  locality  and  having  no  apparent  point  of  origin.  The  serosa  of  the 
intestine  contained  a  number  of  miliary  nodules.  It  was  with  a  portion  of  the 
material  removed  at  this  operation  that  the  first  transplantation  experiments 
were  conducted. 

The  material  which  was  used  for  inoculation  consisted  of  a  soft, 
friable  mass  of  the  consistency  of  brain  tissue  showing  hemorrhagic 
spots. 

Microscopically  the  tissue  consisted  of  hyaline  cartilage,  glandular 
columnar  epithelium  and  a  cellular  stroma.  The  stroma  is  rich  in 
cells  and  in  places  edematous.  The  cells  are  spindle-shaped  or 
polygonal  with  rather  large,  pale  vesicular  nuclei.  In  places  the 
stroma  is  finely  granular  and  contains  numerous  fine  vacuoles,  this 
appearance  probably  being  due  to  edema.  It  is  exceptional  to  find 
a  definitely  fibrillated  area,  the  tissue  probably  being  too  young  for 
this.  Not  infrequently  one  finds  a  small  clump  of  embryonic 
striated  muscle  cells  in  the  stroma.  Small  hemorrhages  are  present. 
Mitotic  figures  are  fairly  numerous.  Imbedded  in  this  stroma  are 
masses  of  hyaline  cartilage.  These  masses  are  usually  small  and 
almost  round  in  shape,  though  in  some  instances  they  are  larger  and 
more  irregular  in  form.  They  are  scattered  throughout  the  sec- 
tions and  do  not  appear  to  bear  any  definite  relation  to  either  stroma 
or  clumps  of  epithelial  cells.  They  are  very  cellular  and  many  of 
the  cells  are  undergoing  mitosis.  Some  of  the  masses  are  sharply 
differentiated  from  the  surrounding  stroma  by  a  layer  of  closely 
packed  cells,  the  nuclei  of  which  are  oval  or  elongated,  with  the  long 
axis  pointing  either  toward,  or  parallel  with  the  periphery.  Mitotic 
figures  are  present  in  the  central  as  well  as  in  the  peripheral  portions. 
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The  epithelial  type  of  cell  is  present  everywhere,  either  in  the 
form  of  irrei^nlar  clumps  without  any  definite  arrangement,  or  in 
the  form  of  an  acinar  or  gland-like  arrangement  lining  irregular 
clefts  and  tubules.  In  most  instances  the  cells  lining  the  tubules  or 
clefts  are  arranged  in  several  layers,  though,  exceptionally,  places 
are  seen  in  which  the  tubules  are  lined  by  a  single  layer.  Goblet 
cells  are  not  infrequent  among  those  lining  the  tubules.  The  cells 
are  usually  large,  with  vesicular  nuclei,  though  nuclei  rich  in  chro- 
matin are  not  infrequently  seen.  Without  having  regard  to  the 
arrangement    of    the    cells,    mitotic    figures    are    very    numerous. 

Owing  to  the  rapidity  of  the  growth  after  recurrence  of  the 
tumor.  Dr.  McCosh  offered  it  for  inoculation  experiments.  We 
obtained  the  tumor  immediately  after  its  excision,  wrapped  in  sterile 
dressings  to  prevent  infection  and  evaporation,  and  made  the 
implantations  into  macacus  monkeys,  rats  and  mice.  The  technic 
used  was  that  followed  in  the  transplantation  of  rat  and  mouse 
tumors.  The  tumor  was  cut  into  small  fragments,  no  fluid  of  any 
kind  being  used  for  the  subcutaneous  inoculations,  and  one  of  the 
fragments  placed  in  the  distal  end  of  a  hollow  needle.  After  cut- 
ting away  the  hair  over  the  site  of  inoculation,  the  surface  was 
cleansed  with  alcohol  and  the  alcohol  removed  with  sterile  gauze. 
The  needle  was  then  introduced  into  the  subcutaneous  tissues  and 
by  means  of  a  sterile  platinum  wire,  just  fitting  the  lumen,  the  frag- 
ment w^as  pushed  out  of  the  needle  into  the  tissues  beyond.  The 
inoculations  were  always  made  beneath  the  skin  of  the  abdomen. 
Every  precaution  was  taken  to  avoid  infection.  The  time  elapsing 
between  the  removal  of  the  tumor  from  the  patient  and  its  inocula- 
tion into  the  animals  was  about  forty-five  minutes,  the  chief  loss  of 
time  arising  from  the  distance  between  the  Presbyterian  Hospital 
and  the  Rockefeller  Institute. 

Monkey  i. — This  animal  was  inoculated  in  eight  places  with  the  tumor  frag- 
ments. In  four  places  it  received  tumor  fragments  alone;  in  two  places,  tumor 
fragments  plus  a  drop  of  a  saturated  solution  of  scharlach  R.  in  olive  oil ;  in 
two  places,  tumor  fragments  plus  a  drop  of  a  saturated  solution  of  sudan  III 
in  olive  oil ;  in  one  place,  scharlach  R.  solution  alone ;  and  in  one  place  sudan  III 
solution  alone. 

7th  day.  There  are  distinct  masses  to  be  felt  at  the  points  where  the  frag- 
ments were  lodged.     These  measured  from  2  to  3  mm.  in  diameter. 
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Qth  day.  Fragments  about  the  same  size.  At  this  time  the  larger  portion 
of  two  of  the  fragments  were  excised.  The  fragments  to  which  the  scharlach 
R.  and  sudan  III  sokitions  had  been  added  at  time  of  inoculation  do  not  appear 
as  large  as  those  inserted  without  any  chemicals.  The  material  excised  was 
used  to  inoculate  two  other  monkeys. 

nth  day.  The  nodules  not  operated  upon  remain  about  the  same  size.  Con- 
siderable swelling  at  sites  of  operation. 

13th  day.     The  nodules  are  somewhat  smaller  than  at  previous  examinations. 

i6th  day.  Excised  one  of  the  nodules  for  histological  study.  Fragment 
removed  measured  about  2  mm.  in  diameter. 

i8th  day.     Fragments  smaller,  but  still  perceptible. 

20th  day.     Fragments  just  perceptible. 

22d   day.     Fragments   disappeared. 

The  material  excised  from  Monkey  i  was  used  to  inoculate  Monkeys  2  and  3. 

Monkey  2.  This  monkey  was  inoculated  in  five  places  with  material  excised 
from  Monkey  i. 

4th  day.    All  the  fragments  are  easily  felt  and  measure  2  mm.  in  diameter. 

5th  day.  Excised  fragment  for  histological  study.  The  fragments  measure 
3  mm. 

/th  day.     No  change  in  size. 

nth  day.     Fragments  somewhat  larger,  measure  4  mm. 

15th  day.     Fragments  measure  about  3  mm. 

19th  day.     Fragments  smaller. 

2ist  day.    Fragments  disappeared. 

Monkey  3. — The  animal  was  inoculated  in  five  places  with  material  excised 
from  Monkey  i. 

4th  day.     Fragments  measure  2  mm.  in  diameter. 

7th  day.  One  of  the  fragments  remains  about  the  same  size,  the  others 
somewhat  smaller. 

I2th  day.     Fragments  somewhat  larger  and  measure  4  mm. 

15th  day.     Fragments  disappeared. 

As  Stated  in  the  protocols,  several  of  the  fragments  were  removed 
for  histological  examination. 

The  first  fragment  examined  was  excised  from  Monkey  i  on  the 
eleventh  day  after  inoculation.  The  sections  show  a  moderate 
amount  of  connective  tissue  separating  the  islands  of  cartilage  which 
are  several  times  the  size  of  the  islands  in  the  transplantable  tissue. 
The  epithelial  cells  have  all  disappeared  and  the  stroma  of  the  trans- 
planted fragment  is  much  less  cellular  than  in  the  original  tumor, 
there  are  more  connective  tissue  fibrils  and  the  cells  of  the  stroma 
are  more  elongated  than  in  the  original  tumor.  In  other  words, 
the  tissue  which  surrounds  the  islands  of  cartilage  is  a  reaction 
product  chiefly,  although  part  of  it  is  possibly  derived  from  the  old 
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stroma.  The  cartilage  appears  normal,  has  not  been  invaded  with 
connective  tissue,  and  a  small  number  of  the  cells  are  in  active 
mitosis. 

The  second  fragment  examined  was  also  obtained  from  Monkey 

1,  but  was  excised  on  llie  sixteenth  day.  Sections  from  this  frag- 
ment show  that  there  has  been  no  marked  change  in  the  masses  of 
cartilage,  but  the  intervening  connective  tissue  between  the  small 
masses  is  much  more  cellular.  Many  of  the  cells  in  the  connective 
tissue  are  oval  and  resemble  the  stroma  cells  of  the  original  tumor, 
and  the  amount  of  fibrillated  tissue  is  less  than  in  the  fragment 
removed  on  the  eleventh  day.  A  few  mitotic  figures  are  still 
present. 

The  next  fragment  examined  was  the  one  removed  from  Monkey 

2.  This  fragment  had  been  nine  days  in  Monkey  i  and  five  days  in 
Monkey  2,  or  in  the  two  monkeys  for  fourteen  days.  Micro- 
scopically the  fragment  is  seen  to  be  encapsulated  with  fibrous  tissue, 
which  in  the  center  is  quite  hyaline.  The  cartilage  masses  are 
degenerating,  ( i )  through  loss  of  nuclei  chiefly  in  the  center  and  by 
degeneration  of  nuclei  at  the  periphery,  and  (2)  by  a  diffuse  blue 
(hematoxylin)  staining  in  the  center  of  some  of  the  masses,  probably 
due  to  a  calcareous  deposit.  In  this  situation  the  cartilage  cells  are 
shrunken,  clear  spaces  exist  in  the  matrix  about  them,  and  the  nuclei 
are  deformed  and  pyknotic.  In  the  periphery  of  some  of  the  carti- 
lage masses  mitosis  is  still  to  be  seen. 

The  next  fragment  examined  was  also  from  Monkey  2.  This 
fragment  had  been  for  nine  days  in  Monkey  i ,  and  for  twenty  days 
in  Monkey  2,  or  twenty-nine  days  in  both  animals. 

Microscopically  the  sections  are  composed  almost  entirely  of 
fibrous  and  adipose  tissue,  and  accumulations  of  small  (lymphoid) 
cells  and  numerous  eosinophiles.  Nothing  remains  of  the  tissue 
transplanted. 

Following  the  operation  of  March  23  the  patient  became  pro- 
gressively worse,  the  growth  of  the  tumor  being  even  more  rapid 
than  before,  and  she  died  on  May  4,  1908.  At  each  dressing  of  the 
operation  wound  a  portion  of  the  mass  would  adhere  to  the  gauze 
or  could  be  easily  detached  with  forceps,  and  with  one  such  piece 
another  transplantation  experiment  was  made. 
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Histologically  the  main  difference  between  the  material  received 
at  this  time  and  that  at  the  preceding  operation  consists  in  this :  the 
growth  now  contains  no  cartilage  and  is  composed  of  the  cellular 
stroma  and  masses  of  epithelial  cells  often  appearing  as  acini. 
Mitoses  were  numerous  in  both  stroma  and  epithelium. 

Monkey  4.  This  animal  had  not  previously  been  inoculated.  It  received  six 
fragments  subcutaneously. 

4th  day.     Fragments  cannot  bie  felt. 

8th  day.     Distinctly  visible.     Pleasure  2  to  3  mm.  in  diameter. 

I2th  day.     Fragments  disappeared. 

Monkey  5.  This  was  also  a  new  animal.  It  received  four  fragments  sub- 
cutaneously, and  2  c.c.  of  an  emulsion,  made  by  teasing  the  tumor  in  sterile 
ascitic  fluid,  was  injected  into  the  peritoneal  cavity. 

4th  day.     All  fragments  show  apparent  growth  and  measure  2  to  3  mm. 

5th  day.     Removed  one  fragment  for  histological  study. 

8th  day.     Fragments  measure  about  3  mm. 

I2th  day.     Barely  perceptible. 

14th  day.     Disappeared. 

Monkey  2.  This  animal  had  previously  been  inoculated  with  fragments  from 
Monkey  i.  These  fragments  had  shown  a  marked  increase  in  size,  but  at  the 
time  of  reinoculation,  on  the  fifteenth  day,  had  already  begim  to  be  absorbed 
and  measured  about  3  mm.  The  monkey  was  now  reinoculated  in  four  places 
with  new  tumor  material. 

4th  day.  The  fragments  from  first  inoculation  measure  2  mm.  in  diameter, 
those  from  the  recent  inoculation  measure  2  to  7  mm. 

5th  day.  One  of  the  new  fragments  measuring  7  mm.  was  excised.  A 
portion  was  used  to  inoculate  monkey  6  in  six  places,  and  the  remainder  was 
saved  for  study.  The  fragment  excised  was  rather  sharply  circumscribed  and 
firm  in  consistence.     Complete  disappearance  of   fragments. 

8th  day.     New  fragments  measure  7  mm. 

1 2th  day.     Fragments  measure  3  mm. 

14th  day.     Barely  perceptible. 

20th  day.     Disappeared. 

Monkey  5. — This  animal  had  also  been  previously  inoculated  with  a  fragment 
excised  from  Monkey  i.  These  fragments  had  shown  a  marked  increase  in 
size,  but  at  the  time  of  reinoculation  on  the  fifteenth  day  had  undergone  com- 
plete absorption. 

It  was  reinoculated  in  four  places  with  the  new  material. 

4th  day.     The   fragments  measure   from  4  to  7  mm, 

8th  day.     ]\Ieasure  6  to  7  mm. 

I2th  day.     Measure  3  mm. 

14th  day.     Measure  3  mm. 

20th  day.     Disappeared. 

Monkey  6. — This  was  a  new  animal  and  was  inoculated  in  six  places  with 
the  fragment  excised  on  the  fifth  day  from  Monkey  2. 

The  animal  died  two  days  later  from  an  intercurrent  disease.  The  frag- 
ments, which  appeared  pale,  were  saved  for  sections. 
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Sonic  of  the  luinur  material  used  to  inoculate  the  monkeys  in  this 
second  experiment  was  also  used  to  inoculate  five  rats  and  five  mice. 
These  animals  were  examined  every  second  day  for  some  time, 
but  at  no  examination  was  there  any  evidence  of  the  fragments 
having  increased  in  size. 

Microscopical  examination  of  the  fragments  excised  on  the  fifth 
day  from  Alonkey  5  shows  that  it  consists  of  fibrous  tissue  enclos- 
ing masses  of  small  cells  (lymphocytes)  and  some  leucocytes.  No 
epithelial  cells  or  cartilage  are  present.  The  increase  in  size  of  the 
fragment  was  caused  in  this  case  by  inflammatory  reaction. 

Examination  of  the  fragment  removed  on  the  fifth  day  from 
Monkey  2,  which  was  used  to  inoculate  Monkey  6,  showed  prac- 
tically the  same  conditions  noted  above.  The  eosinophilic  cells  were 
more  numerous  than  in  other  instances.  The  fragments  removed 
from  IMonkey  6,  which  died  two  days  after  inoculation,  were  all 
necrotic. 

From  the  experiments  recorded,  it  is  obvious  that  for  a  time  the 
grafts  increase  in  size  under  the  skin  of  the  monkey  and  do  not 
increase  under  the  skin  of  mice  or  rats.  The  microscopical  appear- 
ance of  the  excised  fragments  indicates  clearly  what  the  causes 
of  the  increase  in  size  are.  It  was  found,  in  the  first  series  of 
experiments,  that  the  inflammatory  reaction  about  the  graft  had 
been  comparatively  slight,  that  the  epithelial  elements  had  not  sur- 
vived but  had  entirely  disappeared,  and  that  the  cartilage  had  not 
only  remained  alive  for  sixteen  days,  but  still  showed  mitosis  at  the 
end  of  that  period  and  had  increased  several  fold  in  size  as  com- 
pared with  the  largest  islands  contained  in  the  original  tissue. 
Examination  of  sections  made  from  the  tumor  material  used  in  the 
second  series  of  experiments  shows  that  no  cartilage  was  present 
and  in  the  masses  removed  from  the  site  of  inoculation  the  epithelial 
cells  and  stroma  of  the  original  graft  have  been  replaced. by  inflam- 
matory tissue.  As  stated  above,  two  series  of  experiments  were 
conducted.  In  the  first  series  only  one  monkey  was  inoculated  with 
the  nodules  developing  in  this  one,  and  two  others  were  inoculated 
in  six  places  each. 

In  the  second  experiment,  with  fresh  tumor  material,  two  new 
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monkeys  were  inoculated,  and  at  the  same  time  two  of  the  old 
monkeys  were  inoculated. 

Reference  to  the  detailed  description  given  for  each  monkey 
shows  that  in  the  three  monkeys  of  the  first  series  of  experiments 
the  measurements  of  fragments  gave  almost  exactly  similar  figures 
on  the  corresponding  days,  but  the  examination  of  the  second  series 
in  which  new  tumor  material  was  used  shows  that  the  same  rela- 
tions do  not  exist. 

These  points  are  very  well  shown  in  the  accompanying  table. 


Approximate 

size  of  piece 

injected. 

First  series. 

Second  series. 

Day. 

Monkey 
I. 

Monkey 
2. 

Monkey 
3- 

Monkey 
4- 

Monkey 

5- 

Monkey 
2. 

Monkey 
3- 

Monkey 
6. 

4 
5 

7 
8 
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M 
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3 
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? 
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3 
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4 
3 

2 
I 
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2 

2-5 

4 
0 
0 
0 
0 

0 

3 

0 
0 
0 
0 

2 

3 

I 

0 
0 
0 

4-5 

7 

3 
I 
0 
0 

7 

3 
3 
0 
0 

0 

There  were  four  monkeys  in  the  second  series ;  two  had 
never  been  inoculated  and  two  had  been  used  in  the  first  set  of 
experiments.  Reference  to  the  measurements  obtained  with  the 
new  monkeys  shows  that  there  was  progressive  increase  in 
size  of  the  fragments  up  to  the  eighth  day,  but  that  following  this 
there  was  a  rapid  retrogression  leading  to  complete  absorption.  In 
the  two  monkeys  which  were  reinoculated,  the  increase  in  size  was 
about  twice  that  noted  for  the  fragments  in  the  other  two  monkeys 
of  this  series.  The  maximum  size  was  reached  on  the  eighth  day, 
following  w^hich  there  was  a  progressive  diminution  in  size,  though 
in  one  monkey  on  the  fourteenth  day  the  fragment  measured  three 
millimeters.  Complete  disappearance  was  first  noted  on  the  six- 
teenth day.  The  differences  noted  in  this  series  between  the 
monkeys  which  were  inoculated  for  the  first  time  and  those  which 
were  reinoculated  are  probably  due  to  the  greater  reaction  in  the 
subcutaneous  tissues  of  the  latter,  corresponding  perhaps  to  the  reac- 
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tion  fust  reported  by  Arthus^  which  occurs  in  the  subcutaneous 
tissues  of  rabbits  following  a  third  or  fourth  injection  of  horse 
serum. 

Although  the  attempts  to  implant  the  tumor  fragments  obtained 
from  a  human  subject  upon  monkeys  failed,  yet  it  can  be  said  that 
certain  of  the  fragments  increased  considerably — three  or  four  times 
the  size  of  the  original  fragments — in  the  subcutaneous  tissues  of 
the  monkey  and  the  increase  continued  up  to  the  sixteenth  day  after 
the  transplantation.  During  that  period  organic  connection  of  the 
transplanted  tissue  with  the  monkey  had  taken  place  by  means  of 
a  granulation  tissue  which  had  surrounded  and  invaded  the  frag- 
ments. It  was  found  that  all  the  teratomatous  elements  of  the 
tumor  did  not  survive  or  grow,  but  that  only  one  element,  the 
cartilage,  was  able  to  survive  and  increase  in  size.  At  the  end  of 
eleven  days  the  epithelial  cells  had  entirely  disappeared  and  no  trace 
of  them  could  be  found.  It  is  possible  that  some  of  the  cellular 
stroma  of  the  original  tumor  persisted  and  formed  part  of  the 
enveloping  stroma  of  the  cartilaginous  masses.  The  oval  cells  of 
the  stroma  of  the  original  tumor  are  indistinguishable  from  the  oval 
cells  of  the  transplanted  fragments.  That  the  cartilage  of  the 
implanted  fragments  has  remained  alive  is  shown  by  the  excellent 
condition  of  its  cells  and  the  absence  of  leucocytic  invasion,  and  that 
it  has  actually  grown  is  indicated  by  the  mitoses  which  are  almost 
as  numerous  in  the  specimen  secured  sixteen  days  after  implanta- 
tion as  in  the  original  tumor,  and  by  the  obvious  increase  in  the 
size  of  the  cartilaginous  masses.  Thus  it  has  been  found  that 
cartilaginous  tumor  tissue  from  men  can  remain  alive  and  pro- 
liferating for  sixteen  days  at  least  when  implanted  beneath  the  skin 
of  certain  monkeys,  while  epithelial  cells,  undergoing  active  mitosis, 
derived  from  the  same  tumor,  quickly  die  and  disappear. 

The  fact  is  worth  noting  that  the  results  of  the  implantation  of 
teratoma  of  human  origin  have  been  wholly  different  and  entirely 
negative  in  certain  lower  animals — rats  and  mice — which  are 
further  removed  in  respect  to  evolution  from  man  than  is  the 
monkey.  I  would,  therefore,  point  out  that  it  is  not  permissible  to 
conclude  from  one  set  of  experiments  on  widely  removed  species 

"  Arthus,  Compt.  rend.  Soc.  de  biol,  1903,  v,  817.  , 
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that  tumor  implantations  between  heterologous  species  is  absolutely 
impossible. 

Finally,  I  am  of  the  opinion  that  the  results  which  we  have 
obtained  in  the  experiments  on  monkeys  are  not  to  be  interpreted  as 
an  actual  partial  success  in  transplanting  tumors  from  man  to  the 
monkey,  but  rather  as  an  illustration,  among  the  highest  vertebrates, 
of  the  existence  of  a  certain  kind  of  imperfect  obstacle  to  tumor 
growth  between  species,  which  has  been  expressed  by  Ehrlich^  in 
his  conception  of  atreptic  immunity.  In  other  words,  the  tumor 
cells  introduced  into  the  body  of  the  foreign  species  are  not  at  once 
wholly  destroyed  by  the  fluids  and  cells  of  the  host,  but  are  gradu- 
ally exhausted  by  the  want  of  a  special  and  peculiar  nutriment 
w^hich  the  foreign  host  cannot  supply,  although  a  sufficient  quantity 
is  carried  along  at  the  time  of  inoculation  to  enable  the  foreign 
tumor  cells  to  survive  for  a  period.  On  the  exhaustion  of  this 
peculiar  nutritious  element,  the  transplanted  cells  undergo  a  form  of 
slow  starvation  retrogression. 

'  Ehrlich,  P.,  Arb.  a.  d.  k.  Inst.  f.  expcr.  Therapie,  1906,  No.  i,  84. 


Alexis  Carrel.  467 

licsions  to  llic  vagus.  The  anaslonioscs  arc  easily  seen  as  very  narrow  brownish 
hnes.  Transplanted  segment  has  same  color,  caliber  and  consistency  as  normal 
carotid.  Microscopical  examination. — Section  236.  Intima  as  tliick  as  the 
nu'clia  in  some  points,  composed  of  layers  of  connective  tissue  cells  with  elongated 
nncK-i  and  infiltrated  by  a  great  many  exceedingly  thin  elastic  fibers,  especially 
in  its  inner  parts.  Media:  interna  elastica  normal  (Plate  XL,  Fig.  2),  no 
nuiscular  iibers.  However,  a  few  elongated  muscles  are  seen  between  the  outer 
elastic  layers.     Adventitia  a  little  thickened. 

Experiment  8.  Frozen  Artery. — White  and  black  male  dog,  No.  149.  July  11, 
1907.  Transplantation  on  the  carotid  artery  of  a  segment  of  carotid  extirpated 
from  a  dog  on  July  8.  The  segment  was  put  in  a  refrigerator  at  the  tempera- 
ture of  — 3°  C.  immediately  after  the  extirpation.  It  was  removed  from  the 
refrigerator  on  July  11  at  6  A.M.,  and  put  into  a  refrigerator  at  a  temperature  of 
+  1°  C.  At  9:10  A.M.  it  was  brought  to  the  operating  room  at  a  temperature 
of  29°  C.  July  16.  No  pulsations.  Neck  opened  and  artery  dissected.  Obliter- 
ation of  the  lower  anastomosis.  Upper  anastomosis  normal.  Wall  of  the  trans- 
planted segment  apparently  normal.  Microscopical  examination. — Section  51. 
Transverse  section  at  the  level  of  the  middle  part  of  the  transplanted  segment. 
No  intima.  Adventitia  very  much  thickened.  Around  small  pieces  of  silk, 
very  large  foci  of  leucocyte  infiltration.  Media  deeply  modified.  In  the 
internal  portion  all  the  muscular  fibers  have  disappeared.  Between  the  laminae 
of  the  elastica,  a  few  leucocytes  are  seen.  In  the  outer  layers  of  the  media, 
a  few  deformed  or  uniformly  stained  muscle  cell  nuclei  still  persist.  Longitu- 
dinal section  at  the  level  of  the  upper  anastomosis.  The  carotid  of  the  host  is 
almost  normal,  although  its  intima  is  infiltrated  by  leucocytes.  Between  the 
ends  of  the  normal  and  transplanted  carotids,  there  is  a  large  scar.  All  the 
muscle  fibers  of  the  transplanted  carotid  have  disappeared.  A  few  leucocytes 
and  debris  of  muscle  fibers  are  seen  between  the  elastic  tissue  fibers.  Typical 
non-suppurative  infection. 

Experiment  9.  Frozen  Artery. — No.  152.  July  16,  1907.  Transplantation 
on  the  left  carotid  artery  of  a  segment  of  carotid  preserved  since  July  11,  by 
the  method  used  in  Experiment  8.  July  25.  Normal  pulsations.  October  i. 
No  pulsation.  October  9.  No  pulsations.  Extirpation  of  the  carotid  artery. 
Complete  occlusion  of  the  transplanted  segment. 

{c)  Transplantation  of  Arteries  Preserved  in  Cold  Storage. — 
The  arteries  kept  in  cold  storage  were  preserved  in  different  media. 
The  experiments  are  divided  in  several  classes,  according  to  the 
nature  of  the  fluid. 

In  three  experiments  the  vessels  were  kept  in  normal  saline  solu- 
tion or  in  Locke's  solution. 

Experiment  10.  Salt  Solution. — White  bitch.  No.  5.  October  31,  1906. 
Transplantation  on  the  right  carotid  artery  of  a  segment  of  carotid  extirpated 
from  a  dog  on  October  30.  The  segment  was  preserved  into  a  tube  of  10/1000 
sodium  chloride  solution,  and  placed  in  cold  storage.  The  temperature  was 
irregular,   a   little   above   the    freezing   point.     December   4.      Dissection  of  the 
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artery.  Normal  pulsations  on  and  above  the  transplanted  segment.  Adhesions 
to  the  vagus.  Resection  of  the  segment.  The  lumen  is  slightly  enlarged,  the 
wall  thickened  and  the  anastomoses  normal.  Microscopical  exauiinatiun. — Sec- 
tion 5.  Adventitia  thickened.  Media:  muscular  fibers  of  the  inner  layers  of  the 
media  have  completely  disappeared.  Between  the  elastic  lamina?,  which  are 
normal,  there  are  a  number  of  mononuclear  leucocytes.  The  middle  and  outer 
layers  of  the  media  are  composed  of  elastic  laminae  and  of  muscular  fibers.  In 
the  middle  part  of  the  media,  the  nuclei  of  the  muscular  fibers  are  deformed  and 
surrounded  by  a  few  leucocytes.  No  intima.  A  thin  coat  of  fibrin  is  adherent 
to  the  interna  elastica   (Plate  XLI,  Fig.  3). 

Experiment  11.  Salt  Solution. — Small,  male  fox  terrier,  No.  8.  November 
5,  1906.  Transplantation  between  the  central  end  of  the  right  carotid  and  the 
peripheral  end  of  the  right  external  jugular  vein  of  a  segment  of  carotid  extir- 
pated from  a  dog  on  October  30  and  preserved  in  sodium  chloride  solution  and 
in  cold  storage.  December  5,  1906.  Pulsations  and  thrill  of  the  external  jugu- 
lar. December  19,  1906.  No  pulsations,  no  thrill.  Dissection  of  the  vessels. 
Transplanted  segment  surrounded  by  thick  connective  tissue.  Very  strong  ad- 
hesions to  the  anterior  edge  of  the  sterno-mastoideus  muscle.  Segment  occluded 
by  a  clot  adherent  to  the  upper  anastomosis.  Lower  anastomosis  normal.  Mic- 
roscopical  examination. — Section  168.  Adventitia  very  much  thickened.  Intima 
thickened.  Media :  elastic  fibers  normal,  muscle  fibers  generally  normal.  Some 
of  the  nuclei  are  irregular  and   deformed. 

Experiment  u.  Locke's  Solution. — Black  bitch,  No.  80.  March  6,  1907.  Re- 
section of  a  short  segment  of  the  left  carotid.  Transplantation  of  a  segment 
of  carotid  extirpated  on  February  26,  and  preserved  in  Locke's  solution.  May 
3.  Dissection  of  the  artery.  Normal  circulation.  No  adhesions  to  the  vagus 
nerve.  Appearance  of  the  artery  entirely  normal.  Almost  no  evidence  of  the 
previous  operation.  May  15,  1908.  Dissection  of  the  artery.  Slight  adhesions 
to  the  vagus.  Normal  circulation.  The  location  of  the  transplanted  segment 
is  hardly  recognizable.  Resection  of  the  carotid.  The  location  of  the  trans- 
planted segment  becomes  evident,  because  the  normal  artery  contracts  itself, 
while  the  segment  does  not.  Anastomoses  normal,  almost  invisible.  Intima 
smooth  and  glistening.  Microscopical  examination. — Section  126.  Adventitia 
normal.  Media :  the  normal  elastic  frame-work  has  practically  disappeared.  It 
is  replaced  by  a  great  many  small  elastic  fibers,  diffused  through  the  media.  No 
muscular  fibers.  Intima  irregularly  thickened,  composed  of  dense  connective 
tissue,  covered  by  endothelium. 

In  five  experiments,  the  arteries  w^ere  kept  in  sealed  tubes,  the  atmosphere  of 
which   was   humidified   by   a   small   quantity   of   Locke's   solution. 

Experiment  13.  Confined  Humid  Air. — Yellow,  male  cur,  middle-aged.  No. 
208,  January  14,  1908.  Transplantation  on  the  right  carotid  artery  of  a  segment 
of  carotid  artery  extirpated  from  a  white  bull  bitch.  No.  204.  on  January  10, 
1908,  and  kept  in  a  sealed  glass  tube,  the  atmosphere  of  which  was  humidified 
by  a  few  drops  of  Locke's  solution.  The  tube  was  put  into  a  refrigerator,  the 
temperature  of  which  oscillated  between  0°  and  about  10°  C. 

February  20,  1908.  Dissection  of  the  carotid.  Normal  pulse.  Dog  sent 
to  the  farm.  May  25,  1909.  Dog  normal.  July  22,  1909.  Killed  in  a  fight  with 
other  dogs.     Microscopical  examination. — Section  244.     Upper  part  of  the  trans- 
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plantid  st'j^iiR'nt.  liitima  \ci}  niurh  thickened.  In  one  place,  it  is  almost  as 
thick  as  the  media.  It  consists  of  two  coats  of  connective  tissue  cells,  the 
internal  coat  heinjj;  composed  of  transverse  fibers,  the  external  of  longitudinal 
fibers.  In  the  inner  part  of  the  intima,  several  layers  of  elastic  fibers  have 
developed.  Media:  elastic  fibers  normal,  but  more  closely  distributed  than  nor- 
mally. A  few  nuclei  of  muscle  fibers  in  the  outer  layers  of  the  media.  'J'he 
largest  part  of  the  media  is  completely  deprived  of  muscle  fibers.  The  inter- 
elastic  spaces  are  filled  with  amorphous  substance.     Adventitia  thickened. 

ILvpcrimcnt  i }.  Confined  Humid  Air. — White  and  black  young  male  fox  ter- 
rier, No.  216.  January  24,  1908.  Transplantation  on  the  right  carotid  artery  of 
a  segment  of  carotid  extirpated  on  January  10,  from  Dog  No.  204.  Microscop- 
ical examination. — Section  75.  Many  muscular  fibers,  nuclei  deformed  and  uni- 
formly stained.  November  14,  1909.  Dog  in  excellent  condition.  Dissection 
of  the  right  carotid.  Slight  adhesions  to  the  vagus.  Normal  pulsations.  Caliber 
of  the  carotid  normal.  By  a  close  examination,  the  transplanted  segment  can 
be  found.  The  location  of  the  anastomoses  can  also  be  detected.  Resection  of 
the  carotid.  The  transplanted  segment  becomes  immediately  very  apparent  be- 
cause it  does  not  contract  itself,  while  the  normal  part  of  the  carotid  does. 
Internal  surface  of  the  transplanted  segment  and  anastomoses  are  smooth  and 
glistening.  Microscopical  examination. — Section  257.  Intima  is  composed  of 
dense  connective  tissue  and  is  very  much  thickened.  In  a  few  places  it  is 
thicker  than  the  media.  Media  is  composed  of  its  normal  elastic  framework 
and  of  an  amorphous  substance.  All  the  muscle  fibers  have  disappeared.  Adven- 
titia thickened. 

Experiment  15.  Confined  humid  air. — Male  bull  dog,  No.  265.  April  i, 
1908.  Transplantation  on  the  right  carotid  of  a  segment  of  carotid  extirpated 
from  a  male  dog  on  March  10.  Temperature  of  the  refrigerator  oscillating 
between  — 2°  C.  and  +  10°  C.  May  6,  1908.  Dissection  of  the  carotid.  Artery 
is  obliterated.  Section  102.  Lumen  of  the  vessel  filled  with  organized  thrombus, 
Adventitia  thick  and  well  vascularized.  Media  has  kept  its  normal  thickness. 
Elastic  fibers  and  interna  elastica  normal.  Nuclei  of  muscular  fibers  normal. 
Many  of  them  have  still  their  vesicular  appearance  and  their  regular  shape. 
Some  others  are  irregular. 

Experiment  16.  Confined  Humid  Air. — White,  female  fox  terrier,  No.  267. 
April  2,  1908.  Transplantation  on  the  left  carotid,  of  a  segment  of  carotid 
extirpated  from  a  male  dog  on  March  10.  April  9.  Dissection  of  the  artery. 
Normal  puise.  Normal  size  and  consistency  of  the  transplanted  segment.  Its 
caliber  is  slightly  larger  than  normal.  October  15,  1908.  Dog  chloroformed. 
Dissection  of  the  carotid  arteries.  Arteries  are  absolutely  normal.  No 
evidence  of  the  previous  operation.  Anastomosis  cannot  be  located.  After 
longitudinal  opening  of  the  vessel,  it  is  possible  to  locate  the  anastomosis  and 
the  transplanted  segment,  which  has  become  absolutely  identical  with  the  other 
parts  of  the  vessels  (Plate  XLI,  Fig.  4).  Section  260.  Microscopical  ex- 
amination.— Longitudinal  section  at  the  level  of  the  upper  anastomosis.  Intima 
is  very  much  thickened,  almost  as  thick  as  the  media.  It  is  composed  of 
elongated  cells,  the  nuclei  of  which  assume  the  appearance  of  muscle  cell  nuclei. 
Media  is  composed  of  elastic  frame-work,  amorphous  material  and  cells  with 
elongated  nuclei.      Adventitia  normal. 
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Expcrnncnt  17.  Confined  Humid  .iir. — Male  dog,  No.  268.  April  3,  ir)o8. 
Transplantation  on  the  left  carotid  of  a  segment  of  carotid  extirpated  from  a 
young  male  dog  on  March  16.  May  7,  1908.  Segment  obliterated.  Micro- 
scopical exaynination. — Section  loi.  Lumen  filled  with  an  organized  thrombus. 
Adventitia  thickened  and  vascularized.  Elastic  laminae  destroyed  in  several 
places.  Muscular  fibers  normal.  Intiltration  of  leucocytes  in  the  media  and 
the  adventitia,  which  is  very  much  thickened. 

Experiment  18.  Confined  humid  air. — Long-haired,  black,  male  dog.  No.  286. 
May  28,  1908.  Transplantation  on  the  left  carotid  of  a  piece  of  dog's  carotid 
artery,  extirpated  on  March  16,  1908.  For  several  weeks,  the  temperature  of 
the  cold  storage  was  irregular,  going  below  the  freezing  point  from  time  to  time, 
October  15,  1908.  Animal  etherized.  Carotid  artery  exposed.  No  evidence  of 
anastomoses.  By  a  very  close  dissection  of  the  artery,  two  very  indistinct  lines 
are  seen  on  the  surface  of  the  wall.  The  diameter  and  the  appearance  of  the 
transplanted  segment  are  identical  with  those  of  the  carotid  artery.  The  adapta- 
tion of  the  transplanted  segment  to  the  artery  is  absolutely  perfect.  The  artery 
is  extirpated.  As  soon  as  the  circulation  stops,  the  limits  of  the  segment  become 
evident,  because  the  artery  contracts  its  wall  while  the  transplanted  segment  does 
not.  Microscopical  examination. — Section  122.  Intima  very  much  thickened. 
At  one  point,  it  is  thicker  than  the  media.  No  endothelium,  except  in  a  few 
places.  Media  thinner  than  normal.  Interna  elastica  normal.  Other  laminae 
are  indistinct.  ]\Iedia  is  composed  chiefly  of  diffuse  elastic  fibers.  No  muscular 
fibers.    Adventitia  a  little  thickened  (Plate  XLII,  Fig.  5). 

Experiment  ig.  Confined  Humid  Air. — White  and  yellow,  male  fox  terrier. 
No.  291,  October  2,  1908.  Graft  on  the  left  carotid  artery  of  a  segment  of  dog's 
carotid  artery,  extirpated  on  March  16,  1908. 

The  segment  is  a  little  modified.  Its  wall  is  softer  and  thinner  than  usual. 
It  looks  like  a  venous  wall.  Nevertheless,  after  reestablishment  of  the  circula- 
tion, the  vasa  vasorum  are  immediately  injected  with  blood.  They  are  larger 
than  normal  without  lateral  hemorrhages.  October  5.  Neck  of  the  dog  en- 
larged. Incision.  Hematoma.  Ablation  of  the  clots.  Large  hemorrhage. 
Slight  necrosis  of  the  wall  near  the  upper  anastomosis.  Ligature  of  the 
carotid  and  extirpation  of  the  transplanted  segment. 

Experiment  20.  Confined  Humid  Air. — Long-haired  yellow  dog.  No.  293. 
October  3,  1908.  Transplantation  on  the  carotid  of  a  segment  of  dog's  carotid 
extirpated  on  March  16.  October  15.  Segment  very  adherent  to  the  vagus. 
Distended  and  obliterated.  The  wall  is  dark,  but  has  kept  in  some  places  its 
normal  appearance.  The  wall  is  necrosed.  The  vessel  is  extirpated  and  the 
animal  recovers. 

Experiment  21.  Confined  Humid  Air. — White  and  yellow,  male  fox  terrier. 
No.  292.  October  15,  1908.  Transplantation  on  the  right  carotid  of  a  segment 
of  carotid  extirpated  from  a  dog  on  September  29.  Microscopical  examina- 
tion.— Section  120.  Muscle  cells  nuclei  deformed,  retracted  and  uniformly 
stained.  October  19,  1908.  Dissection  of  the  carotid.  Normal  pulsations.  No 
adhesions  of  the  segment  to  the  vagus.  Resection  of  a  small  part  of  the 
transplanted  segment.  Suture  and  reestablishment  of  the  circulation.  Micro- 
scopical examination. — Section  124.  No  intima.  Media:  elastic  fibers  normal. 
All   muscular   fibers,   without   exception,   have   disappeared.     Adventitia :    a    few 
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debris  of  nuclei.  No  wandcrinjj  cells.  On  the  external  side  of  the  advcntitia, 
connective  tissue  of  the  host  forms,  in  some  places,  a  coat  infiltrated  with 
leucocytes. 

lixpcrimcnt  jj.  Confined  Humid  Air. — Medium-sized,  white  fox  terrier, 
No.  310,  October  2(),  1908.  Transplantation  on  the  ri^ht  carotid  artery  of  a 
segment  of  carotid  extirpated  on  October  22.  Microscopical  examination. — Sec- 
tion 134.  No  intima.  Media:  many  muscle  fiber  nuclei  uniformly  stained. 
Advcntitia  normal.  November  12,  1908.  Marked  reaction  of  the  connective 
tissue  around  the  transplanted  segment.  Segment  obliterated.  Microscopical 
examination. — Section  165.  No  intima:  lumen  filled  with  thrombus.  Media: 
elastic  fibers  normal.  A  great  many  nuclei  of  the  muscular  fibers  are  normal. 
I\Tany  polymorphonuclear  leucocytes  in  the  outer  coats.  Advcntitia  very  much 
thickened  and  infiltrated  by  leucocytes. 

Experiment  23.  Confined  Humid  Air. — Young,  white  and  black,  male  dog, 
No.  309.  October  28,  1909.  Transplantation  on  the  right  carotid  artery  of  a 
segment  of  carotid  extirpated  on  October  26.  Microscopical  examination. — Sec- 
tion 132.  Normal  artery.  November  12.  Non-suppurative  inflammation  of 
the  wound.  Marked  reaction  of  the  connective  tissue  around  the  artery.  Ad- 
hesion to  the  vagus.  Microscopical  examination. — Section  162.  Intima  and 
media  absolutely  normal.     Advcntitia  thickened    (Plate  XLII,  Fig.  6). 

Experiment  24.  Confined  Humid  Air. — Small,  brown,  male  dog,  No.  313. 
November  4,  1908.  Transplantation  on  the  left  carotid  artery  of  a  segment  of 
carotid  preserved  since  November  2,  1908.  Microscopical  examination. — Section 
142.  Nuclei  of  many  muscle  fibers  deformed.  November  12.  Opening  of  the 
neck.  Non-suppurative  infection.  Marked  reaction  of  the  connective  tissue 
around  the  vessel.  Segment  obliterated.  Microscopical  examination. — Section 
167.  Thrombus :  media  infiltrated  by  leucocytes.  Many  muscle  fibers  have  disap- 
peared. Many  also  are  still  normal.  Elastic  frame-work  normal.  Advcntitia 
thickened   and   infiltrated   by   leucocytes. 

Experiment  25.  Confined  Humid  Air. — Small-sized,  yellow  dog,  No.  302. 
October  21,  1908.  Transplantation  of  the  left  carotid  of  a  segment  of  dog's 
carotid  extirpated  on  September  29,  1908.  Microscopical  examination. — Section 
125.  No  intima.  Media:  elastic  fibers  normal.  Nuclei  of  the  muscular  fibers 
retracted.  Many  of  them  are  uniformly  stained  and  have  lost  their  vascular 
appearance.  November  25,  1908.  Dissection  of  the  artery.  No  adhesions. 
No  reaction  of  the  connective  tissue.  Normal  circulation.  Extirpation  of  the 
segment,  which  is  harder  and  whiter  than  normal.  Microscopical  examination. — 
Section  180.  Advcntitia  normal.  Intima  very  much  thickened  and  composed 
of  elongated  connective  tissue  cells.  Media  partly  composed  of  an  amorphous 
substance,  highly  refractive,  which  is  broken  in  several  places.  This  substance 
is  disposed  in  two  distinct  bands.  Between  them,  there  are  some  normal  mus- 
cular fibers. 

Experiment  26.  Confined  Humid  Air. — Yellow  and  white,  young,  male  dog, 
January  5,  1909.  Transplantation  on  the  right  carotid  artery  of  a  segment  of 
carotid  extirpated  from  a  dog  on  February  4,  1909.  The  color  of  the  segment 
is  yellowish.  It  flattens  more  easily  than  normally.  After  reestablishment  of  the 
circulation,  the  vasa  vasorum  are  immediately  filled  with  blood.  January  6, 
1909.     Dog  is  found  dead.     Autopsy:  diffuse  broncho-pneumonia. 
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Experiment  .y.  Confined  Humid  Air. — Yellow,  male  dog,  No.  326.  No- 
vember 25,  1908.  Transplantation  on  the  left  carotid  artery  of  a  segment  of 
carotid  artery  extirpated  from  a  living  young  dog  on  November  9,  1908.  Jan- 
uary 21,  1909.  Opening  of  the  neck.  Transplanted  segment  has  same  caliber 
and  consistency  as  normal  vessel.  Its  color  is  a  little  whiter.  Normal  pulse. 
Extirpation  of  a  piece  of  transplanted  segment  and  end  to  end  suture  of  the 
artery.  Mieroscopicat  examination. — Section  181.  Media  thinner.  Adventitia 
and  intima  very  much  thicker.  Adventitia  formed  of  two  parts :  internal,  com- 
posed of  irregular  connective  and  elastic  fibers ;  external,  composed  of  regularly 
disposed  large  connective  tissue  fibers.  Media  composed  of  elastic  fibers  of 
normal  appearance  but  more  closely  distributed  on  account  of  the  disappearance 
of  almost  all  the  muscular  fibers,  which  are  replaced  by  an  amorphous  substance. 
In  the  outer  and  inner  layers  of  the  media,  a  few  muscular  fibers  can  be 
detected.  Some  nuclei  are  normal,  some  others  have  lost  their  vesicular  appear- 
ance, or  are  broken  and  very  irregular  in  shape.  Intima  elastica  normal.  Intima 
very  much  thickened  and  covered  with  endothelium.  Lumen  of  the  vessel  about 
same  size  as  before  transplantation.  October,  1909.  Opening  of  the  neck. 
Normal  circulation.     Dog  sent  back  to   farm. 

In  ten  experiments,  the  arteries  were  preserved  in  defibrinated  blood  or 
serum. 

Experiment  j8.  Defibrinated  Blood. — Dog  No.  66.  February  18,  1907.  Re- 
section of  a  small  segment  of  aorta.  Graft  between  the  ends  of  a  segment  ex- 
tirpated on  February  15,  and  preserved  in  defibrinated  blood  and  in  cold  storage. 
Suture  by  patching  of  the  inferior  mesenteric  artery  on  the  wall  of  the  trans- 
planted segment.  February  23.  Normal  circulation.  Extirpation  of  the  aorta 
and  transplanted  segment.  Anastomoses  normal.  Very  thin  coat  of  fibrin  on 
a  part  of  the  wall  of  the  transplanted  segment,  and  on  the  line  of  suture  of 
the  upper  anastomosis. 

Experiment  2g.  Serum. — Male  fox  terrier,  No.  310.  October  29,  1908. 
Transplantation  on  the  left  carotid  artery  of  a  segment  of  dog's  carotid  extir- 
pated on  October  27,  1908  and  preserved  in  dog's  serum.  November  12,  1908. 
2^Iarked  reaction  of  the  connective  tissue.  Adhesions  to  the  vagus.  No  pul- 
sations. Obliteration.  Microscopical  examination. — Section  164.  No  intima. 
Media :  elastic  framework  and  muscular  fibers  entirely  normal.  Adventitia  a 
little  thickened  and  infiltrated  with  round  cells. 

Experiment  30.  Defibrinated  Blood. — Yellow,  black  and  white  dog,  No.  378. 
January  26,  1909.  Transplantation  on  the  left  carotid  of  a  piece  of  carotid  pre- 
served in  defibrinated  blood  since  January  22,  1909.  Dog  is  sent  to  the  farm 
a  few  days  after  the  operation.  Died  of  pneumonia  on  February  15,  1909. 
Macroscopical  examination. — No  reaction  of  the  connective  tissue.  No  adhesions 
to  the  vagus.  Caliber,  color  and  consistency  of  the  transplanted  segment  normal. 
Microscopical  examination. — Section  216.  No  intima.  Media :  elastic  frame- 
work normal.  The  muscle  fibers  of  the  inner  layers  have  disappeared.  The 
fibers  of  the  middle  and  outer  layers  are  normal.     Adventitia  a  little  thickened. 

Experiment  31.  Defibrinated  blood. — White  and  black,  female  fox  terrier, 
No.  385.  January  29,  1909.  Transplantation  on  the  left  carotid  of  a  segment  of 
carotid  preserved  in  defibrinated  blood  since  January  22.  November  30,  1909. 
Dissection   of   the   left   carotid.     Normal   pulsations.     Marked   adhesions   to   the 
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vagus.  Extirpation,  'rransplantcd  segment  similar  to  the  other  parts  of  the 
carotid.  M iiri'scof^iral  rxainination. — Section  265.  No  inlima.  Media:  ah- 
nornially  ihiii  and  composed  of  elastic  hhers  and  amoriylions  snhstancc.  All 
imiscle   lihers  have   disappeared.       Adventitia   very   much   thickened. 

I-'xf>criniciit  3J.  ncfihr'nuitcd  Blood. — Small,  hlack  and  tan,  male  dog,  No. 
392.  I'chruary  5,  1909.  Transplantation  on  the  left  carotid  of  a  segment  of 
carotid  preserved  in  derd)rinatcd  blood  since  January  22,  190;.  Microscopical 
examination. — February  5,  1909.  Section  212.  Some  muscle  fiber  nuclei  uni- 
formly stained  and  deformed.  October  18,  1909.  Dog  died  at  the  farm.  Mac- 
roscofical  cxa)iiiuation. — Dissection  of  the  artery.  Transijlanted  segment  (jf 
normal  caliber.  Slight  adhesions  to  the  vagus.  Consistency  of  the  wall  harder. 
Its  color  is  modified  by  the  presence  of  yellow  and  hard  patches.  Anastomoses 
smooth  and  glistening.  The  patches  arc  located  between  the  media  and  the 
intima.  The  wall  is  thickened,  but  the  lumen  of  the  transplanted  segment  and 
of  the  anastomoses  is  not  modified.  Microscopical  examination. — Section  253. 
Adventitia  normal.  Media  deeply  modified.  In  some  parts  it  is  very  thin  on  ac- 
count of  the  complete  disappearance  of  the  muscular  fibers.  It  is  composed  only 
of  the  elastic  framework  and  an  amorphous  substance.  In  some  other  parts,  there 
are  still  some  elongated  cells  between  the  elastic  laminse.  The  intima  is  exceed- 
ingly thickened.  It  is,  in  certain  parts,  five  or  six  times  thicker  than  the  media 
and  is  composed  of  dense  connective  tissue.  In  the  middle  of  the  adventitia,  the 
connective  tissue  has  undergone  calcareous  degeneration. 

Experiment  33.  Defibrinated  Blood. — Black,  male  dog,  No.  402.  February 
II,  1909.  Transplantation  on  the  left  carotid  of  a  segment  of  carotid  extirpated 
February  4,  1909.  November  14,  1909.  Dog  in  excellent  condition.  Dissec- 
tion of  the  artery.  Normal  size,  normal  pulsations,  no  adhesions  to  the  vagus. 
The  location  of  the  transplanted  segment  cannot  be  determined  for  the  anasto- 
moses are  invisible.  Resection  and  longitudinal  incision  of  the  artery.  The 
lines  of  union  are  easily  seen  on  the  internal  surface  of  the  vessel.  Anastomoses 
perfect.  Histological  examination. — Section  258.  Intima  a  little  thickened. 
Media :  elastic  framework  normal.  All  the  muscular  fibers  have  disappeared. 
Adventitia  very  much  thickened. 

Experiment  34.  Defibrinated  Blood. — Brown  dog.  No.  408.  February  17, 
1909.  Transplantation  on  the  left  carotid  of  a  segment  of  carotid  preserved 
for  48  hours  in  defibrinated  blood  and  suprarenal.  October  10,  1909.  Dog 
killed  in  fighting  other  dogs.  Macroscopical  examination. — No  evidence  of  the 
operation.  No  reaction  of  the  connective  tissue.  No  modification  of  caliber, 
color  and  consistency  of  the  transplanted  segment  which  cannot  be  '  located. 
Carotid  artery  is  extirpated  and  longitudinally  opened.  The  location  of  the 
segment  is  detected  by  a  slight  difference  in  the  color  of  the  intima  which  is  a 
little  yellowish.  Microscopical  examination. — Section  226.  Adventitia  normal. 
Media :  elastic  framework  normal.  No  muscular  fibers.  Intima  thickened  and 
composed  of  dense  connective  tissue. 

Experiment  35.  Defibrinated  Blood. — ]\Iale  dog.  No.  410.  February  18,  1909. 
Transplantation  on  the  left  carotid  of  a  segment  of  carotid  preserved  in  defi- 
brinated blood  and  thyroid  since  February  15.  1909.  February  27,  1909.  Opening 
of  the  neck.  Circulation  normal.  Intense  reaction  of  the  connective  tissue. 
June     5,     1909.     Dog     killed     by    accident.     Macroscopical     examination. — Very 
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marked  adhesions  of  the  transplanted  segment  to  the  vagus.  Segment  normal, 
ahhough  its  caliber  is  slightly  larger  than  that  of  the  carotid.  Anastomoses 
perfect.  Micruscopical  examination. — Section  235.  No  intima.  Media:  normal 
elastic  framework.  No  muscular  fibers,  although  very  few  elongated  cells  are 
seen  between  the  elastic  lamiuie.  Adventitia  very  much  thickened  and  com- 
posed of  dense  connective  tissue.  In  several  places  the  adventitia  is  thicker 
than  the  media  and  contains  a  great  number  of  small  vessels. 

Ext>eriyncnt  36.  Defibrinatcd  Blood. — Black  and  tan  bitch,  No.  419.  March 
2,  1909.  Transplantation  on  the  left  carotid  of  a  segment  of  carotid  extirpated 
on  February  4,  1909.  November  14,  1909.  Dissection  of  the  left  carotid.  The 
location  of  the  transplanted  segment  can  hardly  be  determined.  The  carotid  has 
everywhere  the  same  appearance  and  consistency.  Resection  of  the  artery.  As 
soon  as  the  circulation  is  stopped,  the  location  of  the  segment  becomes  apparent, 
because  it  contracts  less  than  the  normal  parts  of  the  artery  (Plate  XLIII, 
Fig.  7).  Microscopical  examination. — Section  259.  Intima  a  little  thickened  and 
containing  a  few  elongated  nuclei,  assuming  the  appearance  of  muscle  cells 
nuclei.  Aledia :  elastic  frame-work  normal.  No  muscular  cells  in  the  outer 
layers  of  the  media.  Cells  with  elongated  nuclei  in  the  middle  and  inner  layers. 
Adventitia  normal. 

Experiment  j/.  Defibrinatcd  Blood. — Yellow,  male  dog,  No.  448.  May  5, 
1909.  Transplantation  on  the  right  carotid  of  a  segment  of  carotid  extirpated 
on  February  4,  1909.  November  30,  1909.  Dissection  of  the  right  carotid.  No 
pulsations.     Segment  obliterated  and  transformed  in  a  fibrous  tract. 

In   four  experiments,   the  vessels   were  preserved  in  vaselin. 

Experiment  38.  Vaselin. — Male  dog,  No.  450.  May  6,  1909.  Transplan- 
tation on  the  left  carotid  of  a  segment  of  carotid  artery  preserved  in  vaselin 
and  in  cold  storage  for  24  hours.  August  11,  1909.  Dog  killed  in  a  fight. 
Macroscopical  examination. — Segment  is  obliterated  by  a  clot  of  recent  forma- 
tion adherent  to  the  wall  at  the  level  of  its  middle  part.  Anastomoses  normal 
and  free  of  clot.  Microscopical  examination. — Section  254.  Intima  slightly 
thickened.  Media :  elastic  framework  normal.  Muscle  fibers,  nuclei  normal. 
However,  in  a  few  places,-  between  the  two  or  three  inner  layers  of  the  elastic 
fibers,  they  are  missing.     Adventitia  normal. 

Experiment  39.  Vaselin. — Light  yellow  bitch,  No.  454.  May  12,  1909. 
Transplantation  on  the  right  carotid  artery  of  a  segment  of  carotid  extirpated 
from  a  dog  on  May  5,  1909,  and  preserved  in  vaselin.  November  30,  1909. 
Dissection  of  the  carotid.  No  pulsations.  Transplanted  segment  obliterated  and 
atrophied.  The  ends  of  the  carotid  artery  are  united  by  a  very  small  vessel. 
Its  wall  is  very  thin  and  its  lumen  obliterated  by  a  thrombus. 

Experiment  40.  Vaselin. — ^Medium-sized  dog.  No.  458.  May  19,  1909.  Trans- 
plantation on  the  right  carotid  artery  of  a  piece  of  artery  preserved  in  vaselin 
since  IVIay  5,  1909.  October  22,  1909.  Dog  in  excellent  health.  Incision  of  the 
neck.  Normal  circulations.  Carotid  normal.  Anastomoses  almost  invisible. 
Resection  of  the  grafted  segment.  Microscopical  examination. — Section  252. 
Adventitia  normal.  Media:  elastic  framework  normal.  Muscle  fibers  of  the 
outer  layers  have  disappeared.  Muscle  fibers  of  the  middle  and  inner  layers 
normal.  Intima  thickened,  and  infiltrated  by  muscle  fibers.  (Plate  XLIII, 
Fig.  8). 


Alexis  Cancel.  475 

Exf^crimcnt  .ff.  Vasclin. — White  and  black  dog,  No.  460.  May  28,  1909. 
Transplantation  on  the  riglit  carotid  of  a  scjjjmcnt  of  carotid  extirpated  on  May 
5.  i(XiQ,  and  preserved  in  vaselin.  November  29,  1909.  Dissection  of  the  right 
carotid.  Normal  appearance,  normal  pulsations.  Transplanted  segment  same 
caliber  as  carotid.  Anastomoses  are  easily  seen.  Resection  of  carotid  and 
transplanted  segment.  Intima  smooth  and  glistening.  Anastomoses  perfect. 
Microscofical  cxamuuUion. — Section  264.  Intima  very  much  thickened  and  com- 
posed of  connective  tissue  and  of  elongated  cells  which  assume  the  appearance 
of  muscle  cells.  Media  thinner  than  normal.  Almost  all  the  muscle  fibers 
have  disappeared.  It  is  composed  of  elastic  fibers,  of  an  amorphous  substance, 
and  of  a  very  small  number  of  muscle  cells.     Adventitia  slightly  thickened. 

IV.    RESULTS. 

It  must  be  known,  from  these  experiments,  whether  an  artery 
can  be  preserved  outside  of  the  body  in  a  condition  of  latent  Hfe, 
and  whether  a  preserved  vessel  can  play  safely  the  role  of  an  artery. 
The  results,  therefore,  will  be  examined  from  both  standpoints, 
biological  and  surgical. 

(a)  Biological  Results. — It  is  impossible  to  know  directly 
whether  or  not  a  tissue  which  has  been  preserved  for  a  few  days 
or  a  few  weeks  in  cold  storage  is  living.  There  is  no  chemical 
reagent  of  life.  The  morphology  of  an  artery  gives  little  indica- 
tion on  its  biological  condition.  A  pig's  carotid  artery,  which  had 
been  kept  for  six  months  in  cold  storage,  had  the  same  histological 
appearance  as  a  fresh  artery.  There  is  no  morphological  differ- 
ence between  a  living  tissue  and  a  dead  tissue.  What  difference 
can  be  detected  between  the  seed  which  is  sterile  and  the  seed  which 
will  produce  a  large  tree?  The  only  method  of  finding  out  the  state 
of  a  tissue  which  is  supposed  to  be  in  latent  life  is  to  replace  it 
under  normal  physico-chemical  conditions  and  to  observe  whether 
it  will  again  manifest  life.  If  two  vascular  segments  which  have 
been  preserved  in  cold  storage  and  assumed  the  same  histological 
appearance  are  transplanted  into  a  normal  artery,  and  if  after  a 
few  weeks  one  has  retained  its  normal  constitution  while  the  other 
one  has  degenerated,  it  can  be  concluded  that  the  first  one  was 
really  in  latent  life  while  the  second  one  was  dead.  However,  the 
persistency  of  the  elastic  framework  and  of  the  connective  tissue 
coats  alone  of  the  transplanted  segment  would  not  warrant  the 
assumption  that  the  vessel  was  still  living  at  the  time  of  the  trans- 
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plantatiun.  In  such  a  case,  the  arterial  wall  nii^^ht  be  possibly  a 
mere  outgrowth  of  the  connective  tissue  from  the  host,  the  trans- 
planted segment  acting  as  a  scaffold.  But  the  presence  of  muscle 
tibers  can  demonstrate  that  the  wall  of  the  transplanted  vessel  is 
still  present  and  is  not  merely  formed  by  the  tissues  of  the  host. 

The  anatomical  change  undergone  by  dead  vessels  when  grafted 
to  a  normal  artery  are  shown  by  the  experiments  in  which  arterial 
segments  killed  by  heat,  formalin  and  glycerin  were  used.  The 
dead  vessels  were  examined  just  before  being  transplanted.  The 
artery  killed  by  formalin  was  absolutely  normal.  In  the  segments 
killed  by  heat  and  glycerin,  the  muscle  cell  nuclei  were  w^ell  stained 
but  more  or  less  deformed  and  retracted.  As  a  whole,  the  vascular 
wall  had  kept  an  almost  normal  appearance.  These  vessels  were 
transplanted  into  normal  arteries  and  examined  again  a  short 
time  after  the  operation.  In  every  case,  a  complete  change  had 
taken  place.  The  segment,  killed  by  formalin,  spent  eight  days  on 
the  carotid  of  a  dog.  During  this  time,  all  the  muscle  fibers  of 
the  media  disappeared  (Fig.  i)  and  were  replaced  by  amorphous 
material,  while  the  elastic  framework  remained  normal.  The 
perivascular  connective  tissue  of  the  host  was  very  much  thickened 
and  was  building  a  new  wall  around  the  dead  structure.  The 
artery  killed  by  glycerin  underwent  similar  changes.  All  the 
muscle  fibers  had  disappeared  eight  days  after  the  operation. 
Fourteen  days  after  the  transplantation,  the  media  of  the  artery 
killed  by  heating  \vas  composed  of  stretched  and  broken  elastic 
fibers,  and  of  amorphous  material,  while  the  adventitia  was  thick- 
ened. These  results  are  similar  to  those  obtained  previously  by 
Levin  and  Larkin  (7)  in  the  transplantation  of  devitalized  arterial 
segments. 

These  experiments  show  that  a  dead  vessel  undergoes,  when 
transplanted,  a  rapid  degeneration  of  all  its  muscle  fibers  (Fig.  i), 
while  the  elastic  framework  can  remain  normal.  The  change  takes 
place  in  less  than  eight  days.  The  host  reacts  against  the  dead 
vessel  by  forming  around  it  a  tube  of  dense  connective  tissue.  A 
devitalized  vessel  acts  as  a  foreign  body,  which  can  be  progressively 
resorbed  and  replaced  by  the  tissues  of  the  host. 

The  arteries  which  were  preserved  by  freezing  behaved  like  dead 


Alexis  Carrel.  477 

vessels.  In  I'-xpciiincnt  S,  the  transplanted  scj:(incnt  was  examined 
ii\e  (la}s  after  the  transplantation.  All  the  muscle  libers  had 
already  disai)peare(l  and  were  replaced  by  am()r])hous  material. 
The  second  experiment  was  also  nnsuccessful.  These  negative 
results  do  not  mean  that  frozen  arteries  cannot  be  revived.  Tt 
is  well  known,  since  the  work  of  h^.hrlich,  that  tumors,  which  have 
been  frozen,  can  ^row  a^ain  normally.  Other  causes  than  freez- 
ini^-  and  especially  non-suppurative  infection  may  be  res])onsible 
for  the  failure  of  my  two  experiments. 

The  results  given  by  the  arterial  segments  preserved  by  desicca- 
tion are  very  much  better.  Four  experiments  were  performed. 
After  having  been  in  cold  storage  for  a  few  hours  in  a  sealed  tube 
filled  with  calcium  chloride,  the  arteries  shrank  and  became  brown 
and  hard  like  a  strand  of  catgut.  In  Experiment  6,  the  tube  was 
then  heated  at  loo'^  C.  for  ten  minutes.  Afterwards,  the  arteries 
were  put  in  Locke's  solution  and  regained  their  normal  appearance. 
Their  anatomical  condition  was  practically  normal.  Nevertheless, 
they  behaved  differently  after  having  been  transplanted.  In  Ex- 
periment 4,  all  the  muscle  fibers,  without  exception,  had  dis- 
appeared seven  days  after  the  operation.  The  anatomical  changes 
undergone  by  the  vessel  resembled  very  much  those  of  vessels  killed 
by  formalin  or  glycerin.  In  Experiment  7,  where  the  vessel  had 
been  dried,  and  in  Experiment  6,  where  it  had  been  dried  and 
heated  at  100°  C,  the  results  were  different.  The  media  was 
almost  entirely  composed  of  elastic  fibers  and  amorphous  material 
six  months  after  the  operation  in  the  first  case  (Fig.  2),  and  nine- 
teen days  after  the  operation  in  the  second  case.  Nevertheless,  in 
the  outer  layers  of  the  media,  a  few  elongated  nuclei,  morpholog- 
ically similar  to  muscle  cell  nuclei,  could  be  detected.  In  Experi- 
ment 5,  nineteen  days  after  the  operation,  there  were,  in  the  outer 
layers  of  the  media,  a  large  number  of  normal  muscle  cell  nuclei. 
It  shows  that  some  muscle  cells  had  not  been  killed  by  the  desicca- 
tion. This  method  may  perhaps  be  improved  and  give  better 
results.  It  is  well  known  that  in  the  drying  of  rotifers,  a  very 
slight  difference  of  technique  modifies  widely  the  results.  When 
a  rotifer  is  dried  on  a  glass  plate,  it  cannot  be  brought  back  to  life. 
If  it  is  dried  in  sand,  the  resurrection  is  almost  constant.      The 
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rapidity  of  the  desiccation  plays  doubtless  an  important  role  in  the 
production  of  irreparable  injuries  in  the  architecture  of  the  tissues 
of  the  cells.  The  fact  that  nineteen  days  after  the  transplantation 
of  an  artery  which  has  been  dried,  many  muscle  fibers  are  still 
normal,  shows  that  desiccation  does  not  kill  necessarily  the  tis- 
sues of  the  artery. 

The  results  of  the  transplantation  of  vessels  preserved  in  cold 
storage  are  divided  in  several  classes,  according  to  the  medium  in 
which  the  tissues  were  kept. 

In  three  experiments,  the  arteries  were  placed  in  Locke's  solution 
or  in  a  lo/iooo  solution  of  sodium  chloride.  In  Experiment  lo 
the  artery,  kept  for  twenty-four  hours  in  saline  solution,  was  ex- 
tirpated thirty-five  days  after  the  operation.  The  muscle  fibers  of 
the  inner  layers  of  the  media  had  disappeared,  but  elsewhere  they 
were  normal  (Fig.  3).  The  artery  used  in  Experiment  11  was 
kept  six  days  in  saline  solution.  Forty-four  days  after  the  trans- 
plantation, the  muscle  fibers  were  still  in  excellent  condition.  In 
spite  of  the  toxic  action  of  the  sodium  ions  for  the  tissues,  an 
artery  can  be  preserved  for  twenty- four  hours  and  six  days  in 
physiological  saline  solution  without  being  killed.  In  Experiment 
12  a  segment  of  artery  was  kept  for  nine  days  in  Locke's  solution, 
and  then  transplanted  into  a  dog.  The  result  was  examined  four- 
teen months  after  the  operation.  All  the  muscular  fibers  had  de- 
generated. 

In  fifteen  experiments  the  arteries  were  preserved  in  confined 
humid  air.  After  a  period  varying  from  two  days  to  eleven 
months,  they  were  removed  from  their  sealed  tubes  and  trans- 
planted. When  they  were  examined  before  the  transplantation, 
their  appearance  was  generally  found  normal.  Even  after  several 
months,  the  gross  anatomy  of  the  vessels  was  very  little  modified. 
The  histological  examination  showed  that  they  were  often  normal. 

The  results  of  the  experiments  are  divided  in  four  classes.  The 
first  class  is  composed  of  Experiments,  19,  20  and  26,  in  which  the 
vessels  were  preserved  from  seven  to  eleven  months  outside  of  the 
body.  Necrosis  occurred  soon  after  the  transplantation.  The 
second  class  consists  of  Experiments  14,  16,  18,  21  and  25  in  which 
the  muscle  fibers  degenerated  completely,  and  were  replaced  by  an 
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aniorplions  material  (Fi^^  5),  while  the  elastic  framework  rc- 
niaiiK-(l  normal.  Compensalini;  chaii^^es  took  ])lace  in  the  ad- 
veiilitia  and  the  inlima.  Therefore,  these  vessels  behaved  very 
much  like  vessels  killed  by  heat,  formalin  or  i^dycerin.  'Die  ])eriod 
of  preservation  of  the  vessels  outside  of  the  body  had  lasted  from 
fourteen  to  seventy-two  days.  The  examination  of  the  trans])lanted 
vessel  was  performed  from  six  days  to  six  months  after  the  opera- 
tion. The  third  class  is  composed  of  Experiments  13,  15,  24  and 
27.  The  arteries  were  partially  killed  during  the  period  of  pres- 
ervation, which  lasted  from  two  days  to  twenty-one  days.  The 
results  of  the  transplantation  were  examined  from  eight  days  to 
eighteen  months  after  the  operation.  Some  muscle  fibers  were  still 
normal  even  after  eighten  months.  In  the  fourth  class,  composed 
of  Experiments  17,  22  and  23,  the  media  was  found  to  be  normal. 
The  arteries  had  been  ])reserved  for  two  days,  seven  days,  and 
seventeen  days  outside  of  the  body.  The  results  of  the  transplanta- 
tion were  examined  twenty-one  days  and  fifteen  days  after  the 
operation.      The  muscle  fibers  had  remained  normal  (Fig.  6). 

The  marked  differences  observed  in  the  results  are  due  to  several 
different  causes.  It  is  probable  that  the  changes  of  temperature, 
the  slight  infection  occurring  during  the  period  of  preservation 
and  after  the  transplantation  caused  many  of  the  lesions  found  in 
the  vessels.  Several  of  the  experiments  were  made  when  the 
temperature  of  the  refrigerator  was  very  inconstant  and  when  the 
asepsis  of  the  laboratory  was  doubtful.  The  preservation  in  con- 
fined humid  air  is  not  alone  responsible  for  the  observed  degen- 
erative changes  of  the  arterial  wall. 

The  presei-yation  of  arteries  in  serum  or  defibrinated  blood  was 
used  in  ten  experiments.  The  period  of  preservation  lasted  from 
two  to  thirty-one  days.  The  results  w^ere  examined  from  fifteen 
days  to  nine  months  after  the  operation.  In  Experiment  28  the 
histological  examination  was  not  made.  In  Experiment  37  the 
transplanted  vessel  was  resorbed.  The  results  of  the  eight  re- 
maining experiments  can  be  divided  in  two  classes  according  to 
the  conditions  of  the  muscle  fibers.  In  two  experiments,  29  and 
30,  where  the  vessels  were  preserved  for  two  days  and  four  days, 
the  muscle  libers  remained  normal.     In  the  six  other  experiments 
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all  the  muscular  tibers  had  disappeared.  The  elastic  framework 
was  normal  and  the  muscular  fibers  were  replaced  by  amorph(jus 
material.  In  the  conditions  of  my  experiments,  serum  or  detibri- 
nated  blood  acted  as  defective  preservative  media  and  their  results 
were  inferior  to  those  of  confined  humid  air. 

The  results  of  the  four  experiments  of  preservation  of  vessels 
in  vaselin  were  very  much  better,  although  in  Experiment  39,  the 
artery  became  occluded  and  atrophied.  The  accident  was  due 
probably  to  a  fault  in  the  technique  of  the  anastomoses  and  not  to 
the  method  of  preservation.  In  Experiments  38,  40  and  41,  the 
vessels  were  kept  in  vaselin  for  twenty-four  hours,  fourteen  days, 
and  twenty-three  days.  In  Experiment  38,  the  artery  was  ex- 
amined and  the  specimen  removed  three  months  after  the  opera- 
tion. A  great  many  muscular  fibers  were  normal.  In  the  intima 
there  were  elongated  nuclei  which  resembled  muscle  cells  nuclei. 
The  results  of  Experiment  40  were  examined  five  months  after  the 
operation.  A  great  many  normal  muscle  cells  were  found  in  the 
media  and  in  the  intima.  The  muscle  cells  of  the  outer  layers  of 
the  media  had  degenerated  (Fig.  8).  In  Experiment  41,  almost 
all  the  muscle  fibers  of  the  media  had  disappeared,  six  months 
after  the  operation.  A  few  only  were  seen  in  the  inner  layers  of 
the  media.  But  the  intima  is  thickened  and  contains  many  muscle 
fibers.  In  these  experiments  the  preservation  of  the  muscle  fibers 
depends  on  the  duration  of  the  period  of  preservation  otitside  of 
the  body.  It  must  also  be  noticed  that  the  degenerated  fibers  are 
located  in  the  outer  part  of  the  media,  wdiile  they  are  in  its  inner 
part  in  the  other  methods,  and  also  that  they  proliferated  into  the 
thickened  intima. 

All  preservative  media,  salt  solution,  Locke's  solution,  confined 
himiid  air,  defibrinated  blood  and  vaselin  permit  the  vessel  to  live 
in  latent  life  under  certain  conditions,  but  vaselin  appears  to  be  the 
best  medium. 

(b)  Surgical  Results. — The  practical  value  of  a  vessel  preserved 
in  a  condition  of  latent  life  depends  on  its  ability  to  act  as  a  canal 
for  the  arterial  blood.  The  only  complication  w^hich  interfered 
occasionally  with  the  function  of  the  transplanted  vessel  was 
thrombosis.      The  method  used  in  the  preservation  of  the  vessel 
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lias  a  marked  inflncncc  on  tlic  ocnirrcncc  of  obliteration.  When 
the  arlcrics  were  killed  by  heat,  formalin  and  glycerin,  thrombosis 
occurred  always.  The  resuhs  were  a  lillle  better  when  the  arteries 
were  t  rozen  or  (hied.  In  six  operations,  two  ])ositive  resnlts  only 
were  obserxed.  In  the  experiments  where  the  arteries  were  pre- 
served in  sah  solution,  Locke's  sohition  or  confined  humid  air,  the 
results  were  \  cry  much  better.  I  f  we  eliminate  three  ex])eriments 
in  which  the  \essels  were  kept  for  more  than  six  iiKjiiths  in  cold 
storage,  we  find  ten  i)()sitive  results  for  fifteen  o])erations.  The 
vessels  preserved  in  defibrinated  blood  gave  eight  positive  results 
in  ten  experiments,  and  the  vessels  preserved  in  vaselin,  three  posi- 
tive results  for  four  experiments. 

Negative  results  were  observed  after  the  transplantation  of 
devitalized  arteries.  In  every  case,  the  segment  was  found  after 
a  few  days,  occluded  by  a  thrombus.  Levin  and  Larkin  (7)  also 
observed  frequently  the  same  accident.  Nevertheless,  thrombosis 
is  by  no  means  a  necessary  consequence  of  the  graft  of  a  dead 
artery.  It  is  certain  that  the  circulation  can  take  place  normally 
through  an  inert  structure  for  some  time  at  least.  Once  I  per- 
formed the  patching  of  the  abdominal  aorta  of  a  dog  with  a  piece 
of  rubber,  and  the  circulation  went  on  normally.  Guthrie  (8) 
claims  to  have  observed  a  normal  circulation  througb  a  formalined 
vessel.  Levin  and  Larkin  found  that  ten  days  after  an  aortic 
graft,  the  circulation  was  still  normal.  The  artery  acts  as  a  foreign 
body  around  which  the  organism  builds  a  new  wall  of  connective 
tissue  (Fig.  i).  On  the  intima  of  the  dead  vessels,  the  blood  de- 
posits a  thin  layer  of  fibrin,  and  it  is  possible  that  the  dead  structure 
is  progressively  resorbed  and  replaced  by  the  connective  tissue  of 
the  host.  The  devitalized  artery  is  a  resorbable  foreign  body. 
Nevertheless,  it  must  be  emphasized  that  it  is  a  dangerous  method. 
It  can  yield  occasionally  some  good  results.  But  immediate  or 
secondary  thrombosis  occurs  very  much  more  often  than  in  the 
case  of  transplantation  of  a  living  structure. 

The  results  of  the  transplantation  of  frozen  or  dried  vessels  are 
better.  Frozen  vessels  were  transplanted  twice  and  twice  throm- 
bosis occurred  a  short  time  after  the  operation.  In  four  experi- 
ments of  graft  of  dried  vessels,  thrombosis  took  place  twnce.      The 
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two  positive  results  were  found  nineteen  days  and  six  months 
after  the  operation.  In  Experiment  6,  an  artery  which  had  been 
dried  and  then  heated  at  ioo°  C.  for  twelve  minutes  was  trans- 
planted. Nineteen  days  after  the  operation,  the  neck  was  opened 
and  the  transplanted  segment  was  found  to  have  the  same  appear- 
ance, caliber  and  consistency  as  the  carotid.  The  circulation  was 
normal.  As  the  muscular  fibers  of  the  media  had  degenerated, 
the  vessel  had  adapted  its  wall  to  the  pressure  by  increasing  its 
adventitia  which  was  two  or  three  times  thicker  than  the  media. 
In  Experiment  7,  the  result  of  the  transplantation  of  a  dried  vessel 
was  examined  six  months  and  eighteen  days  after  the  operation. 
The  grafted  segment  assumed  the  same  color,  caliber  and  con- 
sistency as  the  other  parts  of  the  carotid.  The  morphologic  and 
functional  adaptation  of  the  vessel  was  excellent.  The  media  was 
weakened  by  the  almost  complete  disappearance  of  the  muscle 
libers.  But  the  elastic  framework  of  the  media  was  still  normal, 
while  a  great  many  small  elastic  fibers  had  developed  in  the  intima, 
which  was  very  much  thickened  (Fig.  2).  These  experiments 
show  that  perfect  functional  results  can  be  obtained  by  transplant- 
ing dried  arteries.  But  the  method  is  not  safe,  since  thrombosis 
occurred  twice  in  four  experiments.  It  is  possibly  due  to  the 
techni(|ue  I  used.  It  would  be  necessary  to  repeat  the  experiments 
with  a  better  method,  and  to  try  to  preserve  the  dried  vessels  at 
a  very  low  temperature,  as  Becquerel  did  with  seeds.  If  tissues  of 
mammals  could  be  placed  in  potential  life,  it  would  be  the  ideal 
condition  for  the  preservation  of  vessels  outside  of  the  body. 

The  results  of  the  transplantation  of  arteries  preserved  in  cold 
storage  were  examined  from  a  few  days  to  eighteen  months  after 
the  operation.  The  proportion  of  positive  results  w^as  66  per  cent, 
when  the  vessels  were  kept  in  Locke's  solution  and  confined  humid 
air,  the  experiments  in  which  they  were  preserved  outside  of  the 
body  for  more  than  six  months  not  being  counted.  The  propor- 
tion became  75  and  80  per  cent,  when  the  arteries  were  preserved  in 
defibrinated  blood  or  in  vaselin. 

The  only  complication  which  occurred  was  thrombosis.  There 
were  no  aneurysms  nor  dilatation  of  the  transplanted  segment.  In 
Experiment  19  a  hemorrhage  due  to  necrosis  of  the  segment  was 
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obscr\c(l.  The  aricry  had  hecn  preserved  for  seven  months  in 
cold  slorai^^c.  The  method  cannot  be  expected  to  prevent  the  (hsin- 
tegration  of  a  tissue  after  sncli  a  long  time.  Thrombosis  is  really 
tlie  onlv  complication  to  he  feared.  Jt  is  dinicult  to  know  its 
causes.  Certainly,  in  sexeral  cases,  thrombosis  was  not  due  to  the 
method  of  i)reservation  but  merely  to  a  fault  in  the  techniciue  of 
the  suture,  or  to  non-sui)purative  infection.  It  must  be  noticed 
that  thrombosis  occurred  mainly  during  the  period  where  the 
asepsis  of  the  laboratory  was  doubtful.  The  percentage  of  positive 
results  can  certainly  be  increased.  Most  of  the  dogs  were  medium 
and  small  sized  animals.  By  using  larger  vessels,  for  instance, 
vessels  like  the  human  humeral  artery,  better  results  could  be  ob- 
tained. Nevertheless,  the  method  of  preservation  has  certainly 
a  marked  influence.  It  seems  that  vaselin  or  defibrinated  blood 
are  the  best  media. 

The  function  of  the  transplanted  segment  remained  normal, 
even  in  the  cases  where  the  w^all  has  undergone  marked  histological 
changes.  The  new  artery  adapted  itself  exactly  to  the  vessel  on 
w^hich  it  was  grafted.  The  union  became  so  perfect  that  after  a 
few  months,  it  was  difficult  to  find  the  location  of  the  transplanted 
segment.  In  several  experiments,  the  dissection  of  the  carotid 
artery  did  not  permit  the  locating  of  the  graft  (Figs.  4  and  y).  It 
w^as  necessary  to  open  the  vessel  longitudinally  in  order  to  see  the 
small  linear  scars  or  the  faint  change  of  color  which  were  the  only 
evidences  of  the  operation.  As  soon  as  the  vessel  was  empty  of 
blood,  the  transplanted  segment  could  be  located  easily.  W'hen 
the  circulation  stopped,  the  normal  wall  contracted  itself,  while  the 
transplanted  wall  generally  did  not.  The  new  segment  appeared 
then  as  a  slightly  dilated  portion  of  the  vessel.  In  Experiment  16 
a  segment  of  carotid  had  been  transplanted  on  a  dog,  after  having 
been  preserved  in  confined  humid  aid  and  in  cold  storage  for 
twenty-two  days.  Six  months  after  the  operation,  both  carotid 
arteries  were  dissected.  No  evidence  of  the  operation  was  seen. 
Both  carotids  had  the  same  color,  caliber  and  consistency.  The 
transplanted  segment  had  become  absolutely  identical  to  the  nor- 
mal parts  of  the  carotid.  Nevertheless,  after  the  opening  of  the 
vessels,  it  became  a  little  larger  than  the  normal  parts  of  the  artery 
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and  cuuld  be  exactly  located.  'Hie  new  arterial  segment  adapts 
itself,  from  a  morphological  standpoint,  to  the  functionating  artery. 

In  two  experiments  only  the  arterial  wall  underwent  patholog- 
ical modifications.  Calcification  and  atheromatous  patches,  almost 
identical  to  the  lesions  observed  in  human  arteriosclerosis,  developed 
in  its  wall.  But  compensatory  changes  occurred  and  the  caliber  of 
the  vessel  was  not  appreciably  modified. 

The  functions  and  the  macroscopical  appearance  of  the  trans- 
planted vessels  did  not  depend  at  all  on  its  histological  architecture. 
For  instance,  in  Experiment  i8  (Fig.  5)  the  artery,  five  months 
after  the  transplantation,  did  not  show  any  evidence  of  the  opera- 
tion. In  Experiment  40  (Fig.  8)  the  artery,  five  months  after  the 
operation,  was  also  normal.  The  only  difference  was  that  in  Ex- 
periment 40  the  wall  of  the  transplanted  segment  contracted  itself 
slightly  after  the  stopping  of  the  circulation,  while  in  Experiment 
18  it  did  not  contract  at  all.  Nevertheless,  from  a  histological 
standpoint,  the  differences  between  these  vessels  were  exceedingly 
marked.  In  Experiment  40,  the  wall  was  almost  normal,  although 
the  muscle  fibers  of  the  outer  layers  of  the  media  had  disappeared. 
Compensatory  change  had  taken  place  in  the  intima  which  was 
thickened  and  infiltrated  by  muscle  fibers.  In  Experiment  18,  the 
muscle  fibers  had  been  destroyed.  The  w^all  was  composed  only 
of  an  almost  normal  elastic  framework  and  of  connective  tissue. 
But  compensatory  changes,  such  as  thickening  of  the  intima  and 
of  the  adventitia  had  taken  place,  and  the  resistance  and  conse- 
(|uently  the  caliber  of  the  vessel  was  not  modified. 

In  many  other  cases  the  same  modifications  occurred.  When 
the  media  was  weakened  by  partial  or  complete  degeneration  of  the 
muscular  fibers,  the  wall  increased  its  strength  by  thickening  its 
intima,  or  its  adventitia,  or  both  media  and  adventitia.  When  the 
lesions  of  the  media  were  more  extensive  in  one  point,  the  com- 
pensatory changes  of  the  intima  were  marked  at  the  same  point. 
The  compensatory  changes  consisted  mainly  of  a  sclerosis  of  the 
intima  or  of  the  adventitia.  Very  seldom,  new  elastic  fibers  de- 
veloped in  the  intima.  In  the  arteries  preserved  in  vaselin,  the 
muscle  cells  invaded  the  intima.  These  changes  are  adaptive 
changes  which  enable  the  weakened  wall  to  resist  the  blood  pres- 
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sure.  1 1  is  the  experimental  demonstration  of  the  theory  advo- 
cated hv  Adanii  (<))  in  the  dexelopment  of  arteriosclerosis.  The 
ihickeniniL^-  of  the  intima  or  of  the  adxentitia  was  surely  a  com- 
pensatory chani;e  due  to  the  weakening  of  the  media.  When  the 
media  was  normal,  no  sclerosis  of  the  other  coats  took  place.  'Die 
dei^ree  of  sclerosis  was  proportional  to  the  extent  of  the  lesions 
of  the  media. 

Not  a  sini^ie  instance  of  arterial  dilatation  was  observed.  If 
the  wall  is  composed  of  normal  tissue,  it  reacts  against  the  blood 
pressiu-e  hv  thickening  itself.  The  function  redintegrates  quickly 
the  weakened  vessel.  But  its  morphology  is  reestablished  only  in 
the  measure  necessary  to  the  function. 

V.    CONCLUSION. 

When  a  segment  of  artery,  killed  by  heat,  formalin  or  glycerin 
is  transplanted,  it  undergoes  a  rapid  degeneration.  Its  muscle 
fibers  disappear  while  the  tissue  of  the  host  reacts  by  building  a 
new  wall  of  connective  tissue.  When  the  transplanted  vessel  has 
been  preserved  in  a  condition  of  latent  life,  no  degeneration  of  the 
wall  occurs,  or  the  wall  undergoes  only  partial  degeneration.  The 
muscle  fibers  can  keep  their  normal  appearance,  even  for  a  long  time 
after  the  operation.  It  is,  therefore,  demonstrated  that  arteries 
can  be  preserved  outside  of  the  body  in  a  condition  of  unmanifested 
actual  life. 

The  best  method  of  preservation  consists  of  placing  the  vessels, 
immersed  in  vaselin,  in  an  ice  box,  the  temperature  of  which  is 
slightly  above  the  freezing  point. 

From  a  surgical  standpoint,  the  transplantation  of  preserved  ves- 
sels can  be  used  with  some  safety.  W'hen  the  arteries  were  kept 
in  defibrinated  blood  or  vaselin  and  in  cold  storage,  the  proportion 
of  positive  results  was  75  and  80  per  cent.,  and  this  can  probably 
be  increased. 

EXPLANATION    OF   PLATES. 

Plate  XL. 

Fig.  I.  Formalined  carotid  artery.  Eight  da3'S  after  transplantation.  Experi- 
ment I.      Section  166.      Hematoxylin-eosin. 

Fig.  2.  Carotid  artery  preserved  by  drying.  Six  months  after  transplantation. 
Experiment  7.     Section  236.     Weigcrt's  elastic  tissue  stain. 
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Plate  XLI. 

Fig.  3.  Carotid  artery  preserved  for  24  hours  in  salt  solution  and  in  cold 
storage.  Tthirty-five  days  after  transplantation.  Experiment  10.  Section  5. 
Hematoxylin-eosin. 

Fig.  4.  Carotid  artery  preserved  for  22  days  in  confined  humid  air  and  in 
cold  storage.      Six  months  after  transplantation.      Experiment  16. 

Plate  XLII. 

Fig.  5.  Carotid  artery  preserved  for  72  days  in  confined  humid  air  and  in 
cold  storage.  Five  months  after  transplantation.  Experiment  18.  Section  122. 
Hematoxylin-eosin. 

FiG.  6.  Carotid  artery  preserved  for  2  days  in  confined  humid  air  and  in 
cold  storage.  Fifteen  days  after  transplantation.  Experiment  23.  Section  162. 
Hematoxylin-eosin. 

Plate  XLHI. 

Fig.  7.  Carotid  artery  preserved  for  26  days  in  defibrinated  blood  and  cold 
storage.     Eight  months  after  transplantation.      Experiment  36. 

Fig.  8.  Carotid  artery  preserved  for  14  days  in  vaselin  and  in  cold  storage. 
Five  months  after  transplantation.  Experiment  40.  Section  252.  Hematoxylin- 
eosin. 
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ON    THE    EXPERIMENTAL    SURGERY    OF    THE 
THORACIC   AORTA   AND   THE   HEART.* 

BY  ALEXIS  CARREL,  M.D. 

OF    NEW    YORK. 

From  the  Laboratories  of  the  Rockefeller  Institute  for  Medical  Research. 

INTRODUCTION. 

During  the  last  winter,  1  performed  some  experiments 
with  the  view  of  improving  the  general  technic  of  intrathoracic 
operations  and  of  finding  special  methods  which  could  be 
used  for  the  treatment  of  certain  diseases  of  the  heart  and 
of  the  aorta.  It  is  probable  that  the  aneurisms  of  the  thoracic 
aorta  could  be  extirpated  and  the  circulation  re-established 
by  a  vascular  transplantation,  if  a  proper  technic  was  de- 
veloped. It  seems  possible,  also,  that  some  valvular  and 
vascular  diseases  of  the  heart  might  be  improved  by  surgical 
therapeutics.  Nevertheless,  the  surgery  of  the  heart  has  been 
limited  entirely  to  the  treatment  of  the  wounds.  A  few  ex- 
perimental studies  of  this  subject,  however,  have  been  made 
in  the  laboratories  of  Frederick  in  Marburg  and  of  Harvey 
Gushing  in  Baltimore.  But,  in  spite  of  their  comparative 
simplicity,  these  experiments  have  been  followed  by  a  heavy 
mortality.  Their  results  and  the  high  death  rate  given  by 
the  operations  on  human  beings  show  that  the  general  technic 
of  intrathoracic  surgery  is  still  insufficiently  developed.  There- 
fore, before  describing  the  special  methods  that  I  found,  it 
is  necessary  to  study  the  procedures  which  permit  the  use  of 
them  without  great  danger. 

GENERAL   TECHNIC. 

The  bad  results  following  the  intrathoracic  operations  in 
experimental  as  well  as  in  clinical  surgery  are  due  to  a  lack 
of  adaptation  of  the  technic  to  the  physiological  conditions  of 

*  Read  before  the  American   Surgical   Association,   May  5,   1910. 

83 


84  ALEXIS  CARREL 

the  chest.  The  comphcations  which  often  kill  the  animal  or 
the  patient  are  brought  about  directly  or  indirectly  by  the 
nifection  of  the  pleural  ur  pericardiac  cavities,  or  by  the 
respiratory  disorders  caused  by  the  penetration  of  the  air  into 
the  thorax. 

Pleural  infection  is  the  more  dangerous  of  these  com- 
plications. In  one  hundred  fatal  cases  of  wounds  of  the 
heart  treated  by  suture,  death  was  the  result  of  sepsis  sixty 
times.  The  constant  failure  of  the  extirpation  of  cesophageal 
cancer  is  due  generally  to  the  same  cause.  The  experimental 
results  are  also  very  far  from  being  satisfactory.  Many 
animals  operated  by  Sauerbruch  and  Haecker  in  Germany, 
or  by  Bernheim,  Robinson,  Janeway,  and  Green  in  this  coun- 
try died  of  purulent  or  serofibrinous  pleuresis,  or  of  pneu- 
mothorax caused  by  the  secondary  opening  of  a  bronchus 
or  of  the  thoracic  wall.  Nevertheless,  the  operations  were 
generally  not  very  complicated  and  extensive.  The  high 
death  rate  is  due  to  the  lack  of  understanding  by  many 
surgeons  that  pleura  and  pericardium  do  not  react  against 
infection  as  peritoneum  does.  The  technic  which  permits  a 
successful  abdominal  operation  may  be  insufficient  when  used 
in  intrathoracic  surgery.  The  degree  of  infection  which  does 
not  interfere  with  the  healing  per  primam  intentionem  of  a 
wound  can  probably  cause  the  failure  of  certain  vascular 
or  thoracic  operations.  It  is  well  known  that  between  abso- 
lute asepsis  and  the  degree  of  infection  which  produces  the 
ordinary  symptoms  of  inflammation  there  is  a  number  of 
intermediate  stages.  The  so-called  aseptic  wounds  are  almost 
always  slightly  infected.  Often  surgical  asepsis  is  merely  a 
condition  of  non-suppurative  infection.  But  the  attention  of 
the  surgeons  has  not  been  attracted  by  the  various  forms  of 
attenuated  infection,  because  it  does  not  prevent  the  healing 
of  ordinary  wounds.  Nevertheless  it  seems  probable  that 
the  more  marked  states  of  non-suppurative  infection  can  be 
very  dangerous  in  intrathoracic  surgery.  It  is,  therefore, 
necessary  to  use  in  vascular  and  intrapleural  operations  better 
asepsis  than  it  exists  in  many  hospitals  and  laboratories. 
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'J'his  higher  degree  of  asepsis  can  be  obtained  by  the  rigid 
apphcation  of  principles  known  by  every  surgeon,  but  often 
neglected  partially  in  the  management  of  the  operating  rooms, 
the  preparation  of  the  patient,  of  the  operators,  the  handling 
of  the  tissues,  etc.  The  success  of  the  more  complex  intra- 
thoracic o])erations  depends  on  the  observance  of  a  number 
of  minute  details  of  technic.  It  is  necessary  mainly  to  remove 
some  of  the  principal  factors  of  irritation  and  inflammation 
of  the  pleurae  during  the  operation.  The  handling  with  for- 
ceps or  retractors,  the  sponging,  or  the  walling  off  with  gauze, 
the  exposition  of  large  surfaces  to  the  air  bring  about  irrita- 
tion of  the  pleura  and  facilitate  greatly  its  infection.  As 
soon  as  the  thoracic  cavity  is  opened,  the  lungs  must  be  cov- 
ered with  fine  Japanese  silk  compresses,  impregnated  with 
vaseline.  The  silk  tissue  acts  as  a  thin  and  almost  impermeable 
membrane  which  protects  the  pleura,  without  irritating  it, 
against  the  contact  of  the  fingers,  and  permits  a  very  efhcient 
walling  off  of  the  operating  field.  At  the  same  time,  it 
prevents  the  evaporation  and  the  desiccation  of  the  surface. 
In  order  to  prevent  the  cooling  of  the  viscera,  a  piece  of 
thick  flannel  is  placed  on  the  silk  compresses.  Besides,  the 
temperature  of  the  operating  is  very  high,  29  or  30°  C.  It  is 
important  not  to  allow  the  blood  to  flow  through  the  pleural 
cavity.  The  sponging  of  the  pleural  cul-de-sac  may  be  a  cause 
of  infection.  All  handling  of  the  unprotected  pleura  or  peri- 
cardium is  dangerous. 

The  usefulness  of  a  rigid  asepsis  is  shown  by  the  results 
w^hich  were  obtained.  I  made  twelve  operations  similar  to 
those  performed  by  previous  experimenters,  resection  of  pul- 
monary lobes,  resection  of  a  small  segment  of  the  middle 
part  of  the  oesophagus,  simultaneous  opening  of  both  pleurae 
and  pericardium,  dissection  of  mediastinum  and  ascending 
aorta.  It  must  be  remembered  that  the  suture  of  the  oesopha- 
gus gave  such  constant  mortality  that  Janeway  and  Green 
thought  success  was  not  possible  and  devised  a  very  ingenious 
and  complicated  method  for  oesophageal  anastomoses.  Again, 
Sauerbruch,  Robinson  and  others  found  that  secondary  pneu- 
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mothorax  may  follow  lung  resections,  and  Willy  Meyer  de- 
veloped a  very  elaborate  method  for  closing  the  bronchial 
stump.  Nevertheless,  I  did  not  use  those  technics.  I  employed 
only  the  simplest  sutures  or  ligatures,  and  the  animals,  with- 
out exception,  recovered.  Although  this  technic  has  given 
better  results  than  those  obtained  by  previous  experimenters, 
it  is  still  far  from  being  ideal.  After  more  complicated 
operations  like  patching  of  the  vena  cava,  graft  of  vessels 
on  the  heart,  simultaneous  operations  on  the  heart  and  the 
descending  aorta,  when  very  large  exposure  of  the  thoracic 
cavity  is  rendered  necessary,  I  observed  some  serofibrinous 
or  purulent  pleureses.  On  twenty-eight  operations  of  that 
class,  seven  times  this  complication  occurred.  Several  animals 
died  of  secondary  hemorrhage  from  aortic  patches  or  cardiac 
sutures,  and  it  is  possible  that  the  infection  played  also  a  role 
in  these  complications.  Nevertheless  there  is  no  doubt  that 
even  in  very  complex  operations,  septic  complications  can  be 
avoided.  It  is  of  great  importance  for  the  future  of  intra- 
thoracic surgery  that  this  part  of  the  technic  is  completely 
developed. 

The  asphyxia  which  follows  the  opening  of  the  thoracic 
cavity  may  be  due  to  the  pneumothorax,  to  a  spontaneous 
stopping  of  the  respiration,  or  to  the  inefficiency  of  the 
respiratory  movements  produced  by  a  large  opening  or  a 
strong  retraction  of  the  thorax. 

The  asphyxia  produced  by  pneumothorax  is  easily  pre- 
vented by  the  use  of  a  Sauerbruch  or  Brauer  chamber.  Re- 
cently Willy  Meyer  and  his  brother  Julius  Meyer  have  built 
a  splendid  apparatus,  which  combines  the  advantages  of  both 
methods.  On  man,  unilateral  pneumothorax  is  not  very  dan- 
gerous and  extensive  intrathoracic  operations  have  been  per- 
formed without  any  apparatus.  But  it  is  very  much  safer  to 
use  a  positive  or  negative  pressure  apparatus,  which  prevents 
completely  the  respiratory  troubles  caused  by  the  pneumo- 
thorax. 

When  asphyxia  is  produced  by  the  spontaneous  stopping 
of  the  respiration,  the  Sauerbruch  method  becomes  inefficient, 
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and  does  not  prevent  the  patient  or  the  animal  from  dying.  In 
the  more  extensive  operations,  when  the  chest  is  widely  oi)ened, 
and  the  thorax  dislocated  by  a  strong  retraction,  the  ribs  and 
the  diaphragm  cannot  act  any  longer  on  the  lungs,  and  asphyxia 
occurs.  In  these  cases  also  the  Sauerbruch  method  cannot  pre- 
vent the  death  of  the  animal.  On  the  contrary  the  life  of  the 
animal  will  go  on  normally,  if  the  Meltzer  and  Auer  method  of 
intratracheal  insufflation  is  used.  Their  method  has  the  very 
important  advantage  over  all  the  others  of  permitting  the 
respiratory  exchanges  to  continue  even  if  the  respiratory 
movements  have  stopped  or  become  inefficient.  The  appa- 
ratus I  used  is  composed  of  only  a  foot-bellows,  a  rubber 
tubing  connected  with  an  ether  bottle,  and  a  manometer,  and 
a  small  intratracheal  catheter.  With  the  method  of  Meltzer 
and  Auer,  the  spontaneous  respiration  becomes  a  luxury  be- 
cause even  when  the  respiratory  movements  cease  or  become 
inefficient,  the  ventilation  of  the  lungs  still  goes  on  and 
the  animal  remains  in  excellent  condition.  By  its  simplicity 
and  its  efficiency,  the  method  of  Meltzer  and  Auer  is  a  great 
advance  in  experimental  surgery.  It  is  actually  the  safest 
method  for  performing  extensive  operations  on  the  chest. 

Among  the  factors  which  bring  about  the  success  or  the 
failure  of  an  intrathoracic  operation,  the  more  important  is 
not  the  apparatus  which  prevents  the  respiratory  disorders 
caused  by  the  pneumothorax.  The  main  danger  is  not 
asphyxia,  but  infection,  as  it  has  been  demonstrated  by  the 
results  of  many  experimental  and  clinical  operations  in  this 
country  and  in  Europe.  The  technic  must  be  improved,  there- 
fore, by  better  asepsis  rather  than  by  complicated  apparatuses. 

SPECIAL  TECHNIC. 

I  attempted  to  find  new  methods  which  could  be  used  for 
the  treatment  of  the  aneurisms  of  the  thoracic  aorta,  and  of 
the  valvular  and  vascular  diseases  of  the  heart. 

The  diagnosis  of  the  aneurisms  of  the  aorta  can  be  made 
to-day  at  a  comparatively  early  period.  It  is  rational  to  think 
that  some  of  them  can  be  extirpated.    Therefore  we  must  find 
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methods  which  i^eniiit  repair  to  tlie  aortic  wall  after  a  partial 
or  complete  resection. 

We  know  that  the  lumen  of  an  artery  can  be  reduced 
without  interruption  of  the  circulation  by  the  operation  I 
described  a  few  years  ago  as  longitudinal  exclusion.  This 
method  could  be  used  for  a  sacciform  aneurism,  with  narrow 
pedicle.  But,  in  most  cases,  a  resection  of  a  part  of  the 
wall  or  of  a  complete  segment  would  be  necessary.  I  have 
already  demonstrated  that  after  a  partial  resection,  an  arterial 
wall  can  be  patched  with  a  piece  of  artery,  of  vein,  or  even 
with  a  piece  of  peritoneiun.  These  operations  present  very 
little  danger,  and  their  results,  observed  many  months  after 
the  graft,  were  excellent.  I  succeeded  also  in  substituting  to 
a  part  of  the  abdominal  aorta  a  piece  of  rubber  sheeting. 
The  circulation  went  on  normally  and  is  still  normal  after 
several  months.  In  a  number  of  other  operations,  I  found 
that  entire  segments  of  veins  and  of  arteries,  fresh  or  pre- 
served in  cold  storage,  can  be  transplanted  on  arteries.  The 
results  observed  after  several  years  are  excellent,  and  the 
operation  performed  under  certain  conditions  is  very  safe. 

The  patching  and  grafting  of  entire  vascular  segments 
would  permit  the  re-establishment  of  a  normal  circulation  after 
resection  of  a  sacciform  or  fusiform  aneurism.  But,  the 
technic  must  be  adapted  to  the  special  anatomical  and  physio- 
logical conditions  of  the  intrathoracic  aorta.  Its  wall  is  ex- 
ceedingly friable,  especially  in  the  ascending  part  of  the  arch. 
It  is  very  easily  cut  by  the  threads.  It  has,  therefore,  been 
necessary  to  modify  in  a  large  measure  the  ordinary  technic 
of  vascular  suture.  The  sutures  and  anastomoses  on  the 
thoracic  aorta  are  less  diflRcult  but  more  dangerous  than  on 
the  other  arteries.  Every  detail  of  the  technic  must  be 
directed  toward  the  prevention  of  secondary  hemorrhage.  This 
complication  is  liable  to  occur  after  aortic  suture,  while  it 
does  never  happen  after  suture  of  the  abdominal  aorta  and 
other  arteries.  Parietal  thrombosis,  which  is  generally  a  very 
dangerous  complication,  does  not  produce  any  trouble  when 
it  develops  on  the  aortic  wall.     On  account  of  a  possible 
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hciiioriliagc  it  is  mure  dangerous  to  graft  a  piece  of  vessel 
on  the  thoracic  aorta  than  on  another  artery. 

It  was  necessary  also  to  find  out  a  method  for  diverting 
the  blood  during  the  operation,  because  the  aortic  circulation 
cannot  be  interrupted  for  a  long  time  without  the  occurrence 
of  nervous  complications.  The  main  danger  of  the  aortic 
operation  does  not  come  from  the  heart  or  from  the  aorta 
itself,  but  from  the  central  nervous  system.  When  the 
descending  aorta  is  clamped  for  more  than  ten  or  fifteen 
minutes,  the  posterior  limbs  become  paralyzed.  It  is  gen- 
erally a  spastic  paralysis.  The  lesions  are  localized  to  the 
cells  of  the  anterior  horn.  It  seems  that  the  clamping  of  the 
ascending  aorta  cannot  be  continued  without  danger  for  more 
than  one  minute.  A  smaller  operation  like  the  suture  of  a 
wound  can  be  performed  in  less  than  one  minute.  We  can 
also  make  a  circular  suture  of  the  descending  aorta  in  six 
and  even  in  three  minutes.  But  the  resection  of  an  aneurism, 
and  the  graft  of  a  vessel  would  take  a  very  much  longer  time. 
Therefore,  I  tried  to  develop  a  technic  for  the  temporary 
diversion  of  the  blood. 

The  diversion  of  the  blood  can  be  produced  in  two  differ- 
ent ways — by  temporary  intubation  of  the  aorta  or  by  an 
artificial  collateral  circulation,  i.e.,  a  central  or  lateral  diver- 
sion of  the  blood. 

The  central  diversion  consists  of  tubing  the  segment  of 
the  aorta  which  is  to  be  resected.  The  vessel  is  laid  open  by 
a  longitudinal  incision  and  a  paraffined  tube  is  inserted  into 
its  lumen  and  temporarily  fastened.  This  small  operation 
involves  only  a  short  interruption  of  the  circulation.  Then 
the  w^all  of  the  aorta  can  be  extirpated  and  replaced  while  the 
circulation  goes  on  through  the  tube.  When  the  operation 
is  completed,  the  tube  is  removed  through  a  small  incision 
in  the  w^all  of  the  aorta.  There  is  no  danger  of  coagulation 
of  the  blood  in  the  tube  during  the  operation.  The  patching 
or  the  transplantation  of  an  aortic  segment  can  always  be 
performed  in  less  than  an  hour,  while  the  circulation  can  go 
on  for  several  davs  througli  the  tube  before  coagulation  occurs. 
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It  is  a  sate  and  convenient  method  for  the  descending  aorta. 
It  can  be  probably  used  also  on  the  ascending  aorta. 

The  lateral  diversion  consists  in  establishing  a  communica- 
tion between  the  left  ventricle  and  the  descending  aorta,  or 
between  two  parts  of  the  aorta.     I  have  used  only  the  first 
method.     The  anastomosis  between  the  left  ventricle  and  the 
descending  aorta  is  made  by  means  of  a  paraffined  rubber  tube 
or  of  a  large  jugular  vein  preserved  in  cold  storage.     One 
end  of  the  vessel  or  of  the  tube  is  inserted  into  the  apex  of 
the  left  ventricle  and  fastened.     The  other  end  is  inserted 
into  the  descending  aorta.     The  ascending  aorta  is  clamped. 
Then  the  blood  goes  directly  from  the  left  ventricle  to  the 
descending    aorta.      The    direction    of   the    blood    stream    is 
reversed  through  the  upper  part  of  the  descending  aorta,  which 
acts  temporarily  as  an  ascending  aorta.     There  is,  therefore, 
no  danger  of  anaemia  of  the  brain.     But  the  operation  is  still 
very  dangerous  because  the  details  of  the  method  are  not 
sufficiently  worked  out.     The  mortality  was  heavy.     Before 
being  safe  the  technic  must  be  considerably  improved.     Never- 
theless,  I  succeeded  several  times  in  anastomosing  the  left 
ventricle  to  the  descending  aorta  and  in  reversing  the  circu- 
lation through  the  upper  part  of  the  descending  aorta,  after 
clamping  the  arch  of  the  aorta  just  above  the  heart.     In  one 
experiment  the  anastomosing  tube  was  very  much  narrower 
than  the  arch  of  the  aorta.     As  soon  as  the  ascending  aorta 
w^as  clamped,  the  heart  began  to  beat  slowly,  and  the  blood 
passed  with  a  strong  thrill  from  the  ventricle  to  the  descending 
aorta.     In  the  brachiocephalic  arteries  pulsations  and  a  marked 
thrill  were  felt.     The  coronary  vessels  were  dilated.     The  cir- 
culation was  thus  maintained  for  eight  minutes.     The  animal 
remained  in  excellent  condition,  and  when  the  clamp  and  the 
tube  were  removed,  the  circulation  was  re-established  in  its 
normal  direction.     Nevertheless  the  lateral  diversion  is  still 
very   much    more    difficult    and    dangerous    than    the    aortic 
intubation. 

Although   my   technic   was   being   developed   during   the 
course  of  the  experiments  and  is  still  far  from  being  perfected. 
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ijoine  new  and  i>ciinanent  results  were  observed.  In  one  ex- 
periment the  ascending  aorta  of  a  dog  was  incised  and  sutured 
by  Jaboulay  stitches.  Two  months  and  a  half  after  the  opera- 
tion, the  vessel  was  examined.  The  wound  had  healed  per- 
fectly and  the  scar  was  very  small.  In  six  experiments  the 
transverse  suture  of  the  descending  aorta  was  performed, 
after  complete  or  incomplete  section.  One  dog  died  of  secon- 
dary hemorrhage  a  few  weeks  after  the  operation.  The  others 
recovered  completely.  One  of  them  was  chloroformed  two 
months  and  a  half  after  the  operation.  The  anastomosis  was 
found  normal  without  dilatation  or  stenosis.  The  remaining 
dogs  are  in  normal  health  more  than  five  months  after  the 
operation.  The  patching  of  the  aorta  with  a  piece  of  vein  was 
made  twice.  The  animals  died  eight  days  and  twelve  days 
after  the  operation  of  secondary  hemorrhage.  The  accident 
was  due  to  necrosis  of  the  flap  in  the  one  case  and  in  the  other 
t(  the  tearing  of  the  flap  by  a  stitch.  These  complications 
can  be  prevented  by  slight  modifications  of  the  ordinary 
technic.  I  performed  once  only  the  graft  of  a  complete  venous 
segment  between  the  cut  ends  of  the  descending  aorta.  The 
operation  was  performed  five  months  ago.  The  animal  is 
still  in  excellent  health  and  there  is  no  modification  of  the 
femoral  pulse.  It  is,  therefore,  probable  that  with  the  help 
of  the  methods  for  temporarily  diverting  the  blood,  certain 
aneurisms  of  the  aorta  on  man  can  be  removed  and  replaced 
by  a  piece  of  vein. 

I  attempted  also  to  find  out  some  method  for  the  treat- 
ment of  valvular  diseases  and  localized  sclerosis  of  the  cor- 
onarian  arteries.  Theoretically,  many  operations  can  be  per- 
formed on  the  heart, — incision  and  dilatation  of  stenosed 
valves,  cuneiform  resection  and  stenosis  of  the  upper  part 
of  the  ventricle  in  case  of  mitral  insufficiency,  curettage  of 
endocardiac  vegetations,  grafting  of  new  vessels  on  the  auricle 
and  ventricle,  collateral  circulation  between  two  cavities  of  the 
heart,  aorto-coronarian  anastomosis,  etc.  The  development  of 
these  technics  is  not  far  advanced  for  I  have  studied  the  con- 
ditions under  which  the  operations  must  be  performed  rather 
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thsui  the  operations  themselves.  Plastic  operations  on  the 
heart  are  not  very  much  more  difficult  than  on  any  other  parts 
of  the  body.  But  to  perfonn  the  operations  without  disturbing 
in  an  irreparable  maimer  the  functions  of  the  nervous  system 
and  of  the  heart  itself  is  a  very  complicated  problem. 

The  cardiac  operations  can  be  artificially  divided  into  three 
classes :  operations  which  do  not  require  the  hsemostasis  of 
the  heart,  operations  which  require  the  haemostasis  for  a  very 
short  time,  and  operations  which  require  the  haemostasis  for  a 
longer  time  and  the  stopping  of  the  heart. 

1.  Several  operations  can  be  performed  without  the  help 
of  the  temporary  haemostasis,  such  as  digital  exploration  of 
the  ventricles  or  the  auricles,  dilatation  of  the  mitral  valve, 
dissection  and  preparation  of  a  coronarian  vessel  for  anastomo- 
sis, incomplete  ventriculectomy  and  suture,  etc.  I  tried  to 
develop  an  operation  for  mitral  insufficiency  which  could  be 
performed  without  opening  the  heart.  It  consists  of  producing 
a  slight  stenosis  of  the  upper  part  of  the  left  ventricle.  It 
can  be  obtained  by  a  partial  cuneiform  resection  of  the  wall 
of  the  ventricle  just  below  the  coronary  artery.  A  dog  which 
has  undergone  this  partial  ventriculectomy  two  months  ago  is 
still  in  ^ood  health. 

2.  In  the  operations  of  the  second  class,  the  cavities  of 
the  heart  are  open  for  about  one  minute,  during  which  time 
it  becomes  possible  to  insert  and  fix  a  tube  or  vessel  into 
the  ventricular  or  auricular  cavities,  to  open  largely  and  to 
suture  the  ventricular  wall.  It  would  be  feasible  also  to  cut 
a  mitral  or  tricuspidian  valve,  or  to  perform  the  curettage  of 
endocardiac  vegetations.  I  tried  to  determine  what  are  the  best 
conditions  under  which  that  type  of  operation  must  be  per- 
formed. The  haemostasis  can  be  secured  by  the  clamping 
of  the  venae  cavae  as  advocated  by  Sauerbruch.  But  it  is 
simpler  to  clamp  with  a  large  soft-jaw^ed  forceps  the  entire 
pedicle  of  the  heart.  As  the  interruption  of  the  circulation 
does  not  last  more  than  one  or  two  minutes,  it  causes  no 
cerebral  complications.  The  main  danger  is  the  occurrence 
of  fibrillary  contractions,  which  render  almost  impossible  the 
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re-establishment  ui  normal  pulsations,  i  periormcd  clamping 
of  the  heart  eight  times,  with  or  without  cardiotomy,  for  from 
one  to  five  minutes.  One  dog  died  oi  respiratory  complication, 
another  one  of  fibrillary  contractions,  because  the  needle  went 
through  the  dangerous  region  of  Cyon,  and  the  others  recov- 
ered. In  case  of  mitral  stenosis,  it  would  be  easy  to  make  an 
incision  of  the  valve.  It  would  be  probably  possible  also  to 
establish  an  indirect  auriculoventricular  anastomosis  by  a  vein 
implanted  on  the  left  auricle  and  ventricle.  1  succeeded  in 
fastening  temporarily  a  tube  into  the  left  auricle  and  ventricle. 
The  blood  was  circulating  through  it  v^ith  a  strong  thrill.  At 
the  end  of  the  operation,  the  tube  was  removed.  The  animal 
remained  in  good  health. 

3.  To  the  third  class  belong  the  operations  requiring  the 
interruption  of  the  circulation  for  a  longer  time.  They  would 
consist  of  more  complicated  plastic  operations  on  the  cardiac 
wall,  and  of  the  operations  on  the  coronarian  arteries.  In 
certain  cases  of  angina  pectoris,  when  the  mouth  of  the  cor- 
onary arteries  is  calcified,  it  would  be  useful  to  establish  a 
complementary  circulation  for  the  lower  part  of  the  arteries. 
I  attempted  to  perform  an  indirect  anastomosis  between  the 
descending  aorta  and  the  left  coronary  artery.  It  was,  for 
many  reasons,  a  difficult  operation.  On  account  of  the  con- 
tinuous motion  of  the  heart,  it  was  not  easy  to  dissect  and 
to  suture  the  artery.  In  one  case  I  implanted  one  end  of  a 
long  carotid  artery,  preserved  in  cold  storage,  on  the  descend- 
ing aorta.  The  other  end  was  passed  through  the  pericardium 
and  anastomosed  to  the  peripheral  end  of  the  coronary,  near 
the  pulmonary  artery.  Unfortunately,  the  operation  was  too 
slow.  Three  minutes  after  the  interruption  of  the  circulation, 
fibrillary  contractions  appeared,  but  the  anastomosis  took  five 
minutes.  By  massage  of  the  heart,  the  dog  was  kept  alive. 
But  he  died  less  than  two  hours  afterwards.  It  shows  that 
the  anastomosis  must  be  done  in  less  than  three  minutes.  Per- 
haps this  can  be  done  by  using  a  lateral  implantation  with  a 
Payr's  canula. 

The  safest  method  of  performing  a  comparatively  long 
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operation  would  be  to  suddenly  place  the  heart  in  a  condition 
of  aniemia.  It  is  well  known  that  the  heart  loses  its  ex- 
citability very  slowly,  and  that,  by  using  a  proper  method,  it 
can  be  revived  after  a  long  period  of  immobility.  We  do  not 
know  exactly  for  how  long  it  is  safe  to  keep  the  heart  motion- 
less. But  the  complete  stopping  of  the  circulation  is  more 
dangerous  for  the  organism  than  for  the  heart.  The  artificial 
stopping  of  the  circulation  and  the  opening  of  the  cardiac 
cavity  would  place  the  patient  in  the  condition  of  a  man  killed 
by  a  bullet  through  the  heart  immediately  after  the  last  respira- 
tion and  the  last  cardiac  pulsation.  This  condition  is  called 
general  death.  But  it  is  merely  unmanifcsted  life  or  latent 
life.  The  organs,  being  deprived  of  circulating  blood,  are  not 
able  to  manifest  life  any  longer.  But  they  are  still  living  and 
could  revive,  if  they  were  given  back  their  normal  physico- 
chemical  conditions.  Latent  life  is  a  very  instable  state.  With- 
out the  circulating  blood,  the  tissues  are  not  able  to  protect 
themselves  against  the  microbes  and  the  autolytic  ferments, 
which  bring  about  progressively  protoplasmic  disintegration, 
that  is,  elemental  death.  Immediately  after  the  artificial  stop- 
ping of  the  heart,  the  organism  is  placed  in  a  condition  inter- 
mediary between  general  and  elemental  death.  This  con- 
dition is,  from  a  medicolegal  standpoint,  death.  Neverthe- 
less, as  long  as  elemental  death  has  not  taken  place,  the 
organism  can  be  resurrected.  Therefore,  the  length  of  the 
period  during  which  we  can  stop  the  heart  safely  depends 
on  the  rate  of  the  development  of  elemental  death.  The  brain 
disintegrates  first.  It  is  well  known  that  complete  ischaemia 
of  the  encephalon  produces  irreparable  lesions.  Nevertheless, 
a  short  interruption  of  the  circulation  is  not  very  dangerous. 
On  a  dog,  the  chest  was  widely  opened,  and  respiration  stopped 
while  the  pedicle  of  the  heart  was  clamped  for  five  minutes. 
Then  the  clamp  was  removed  and  pulmonary  ventilation 
started  again  by  the  Meltzer  and  Auer  method.  The  animal 
was  easily  revived.  He  recovered  completely  and  never  pre- 
sented any  psychological  troubles.  It  is  known  that,  when 
the  interruption  of  the  circulation  lasts  longer,  very  marked 
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cerebral  lesions  occur.  I  found  also,  that  in  an  animal,  revived 
after  a  long  period  of  cerebral  ischa^mia,  the  upper  nervous 
centres  had  disintegrated.  The  functions  of  the  heart  and 
of  the  lungs  were  almost  normal.  But  the  animal  was 
paralyzed  and  appeared  to  have  lost  his  intelligence  and 
sensitiveness. 

The  time  during  which  an  animal  can  be  maintained  with- 
out great  danger  in  a  condition  of  latent  life  is  very  short. 
The  technic  must,  therefore,  be  developed  in  such  a  manner 
that  no  cardiac  operation  should  last  more  than  five  minutes. 
It  seems  possible,  although  dangerous,  to  stop  the  circulation 
and  the  respiration  during  that  period  and  afterwards  to  re- 
place the  animal  in  a  condition  of  normal  life. 

CONCLUSIONS. 

1.  The  general  technic  of  intrathoracic  operations  has  been 
improved  by  the  use  of  a  better  asepsis  and  of  the  Meltzer 
and  Auer  method  of  pulmonary  ventilation. 

2.  Two  methods  for  the  diversion  of  the  blood  during 
the  operation  on  the  thoracic  aorta  have  been  found, — intuba- 
tion and  lateral  diversion. 

3.  For  the  first  time,  it  has  been  possible  to  perform  with 
permanent  success  a  suture  of  the  ascending  aorta,  several  end- 
to-end  anastomoses  of  the  descending  aorta,  and  the  grafting 
on  the  descending  aorta  of  a  segment  of  vein  preserved  in  cold 
storage. 

4.  It  has  been  attempted  also  to  find  and  to  study  new 
cardiac  operations,  and  the  conditions  under  which  they  must 
be  performed. 

The  technic  of  these  operations  is  far  from  being  com- 
pletely developed.  They  must  not  be  used  on  human  beings 
under  their  present  form.  Their  purpose  was  only  to  study 
some  of  the  principles  on  which  must  be  based  the  future 
surgery  of  the  thoracic  aorta  and  of  the  heart. 
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The  usual  treatment  of  yaws  with  potassiiini  iodid  or 
inercurv  is  very  tedious,  but  the  encouraging  results 
already  obtained  in  the  treatment  of  other  diseases  due 
to  spirochetes,  namely,  syphilis,  relapsing  fever  and  fowl 
spirillosis,  by  a  single  injection  of  Ehrlich's  substance 
"G06"^  suggest  that  his  principle  of  "therapia  magna 
sterilisans''  may  be  applied  also  to  yaws. 

As  a  preliminary  to  the  use  of  any  new  drug  on  man, 
its  trial  on  animals  is,  if  possible,  of  course,  strongly  in- 
dicated on  many  grounds.  Up  to  the  present,  the  only 
animal  experimentally  infected  with  yaws  has  been  the 
monkey,  various  species  of  which  have  been  infected  by 
Castellani  in  Ceylon,  Ashburn  and  Craig  in  the  Philip- 
pines and  Xeisser,  Halberstadter  and  Bauerman  in  Java. 
A  definite  lesion  results  from  inoculation,  but  apparently 
the  reaction  is  rather  superficial,  as  is  indicated  by  a  late 
weak  complement  fixation  reaction  and  a  relative  scar- 
city of  spirochetes. 

Eecently,  I  have  succeeded  in  infecting  rabbits  in  the 
testicle  wdth  the  spirochetes  of  yaws  and  this  lesion  is  an 
excellent  guide  to  treatment,  as  the  spirochetes  are  pres- 
ent in  myriads  in  pure  culture,  the  serum  reaction  is 
prompt  and  strong  and  the  organ  can  easily  be  removed 
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and  examined.  Ptahhits,  also,  are,  of  course,  easier  to 
obtain  and  to  liandle  than  monkeys. 

The  spirochetes  came  from  a  colored  soldier  return- 
ing from  the  Philippines  who  had  a  well-marked  case  of 
vaws  with  three  separate  general  eruptions.^ 

A  monkey  was  first  infected  on  the  eyebrow  and  trans- 
fers w^ere  then  made  of  the  serum  of  the  monkey's  yaw 
to  rabbits'  testicles.  Three  rabbits  of  the  first  generation 
became  infected  in  an  average  of  forty-one  days  and  the 
infection  was  then  carried  on  from  rabbit  to  rabbit. 
The  spirochetes  are  now  in  the  seventh  generation  in  the 
rabbit  and  the  incubation  period  has  fallen  to  about 
twelve  days.  A  detailed  account  of  this  work  will  ap- 
])ear  in  the  Journal  of  E.vpcriniodal  Medicine  in  a  short 

time. 

The  lesion  seems  to  differ  only  in  degree  from  a 
syphiloma  of  the  rabbit's  testicle  and  consists  of  an 
edematous  tumor  in  the  testicle  or  epididymis,  varying 
in  size  from  that  of  a  pea  to  that  of  an  olive.  On  punc- 
ture with  a  capillary  pi))ctte  and  examination  of  a  dro]) 
of  the  serum  with  the  dark-field  microscope  a  brilliant 
picture  is  obtained.  Levaditi  stained  sections  are  equally 
striking.  The  lesion  persists  four  to  six  weeks  and  the 
Wassermann  reaction  occurs  in  the  first  or  second  w^eek. 
The  general  health  of  the  aninuils  is  not  noticeably 
affected. 

Ehrlich's  "GOG"  is  diihl(U--dioxy-diamido-arseno-phe- 
nol;  it  is  a  golden  yellow  powder  put  up  in  vacuum 
tubes,  and  is  given  in  the  t'oi-m  of  a  disodium  salt  freshly 
prepared  })efore  each  injection.  This  substance  has  been 
built  up  with  the  idea  that  it  shall  have  a  selective 
action  for  spirochetes  and  thus  open  the  way  to  sterilize 
the  tissues  by  a  single  adequate  dose.  Up  to  the  present, 
no  toxic  effects  of  the  drug  itself  have  been  observed^. 
A  quantity  of  the  material  has  been  recently  sent  to  the 
Rockefeller  Institute  by  Professor  Ehrlich  for  trial  in 
syphilis. 

2.   Nichols:   rroc.  Now  York  I'ath.   Soc.  1010.  x.  1. 
'A.   Alt  :    Miinchon.    mod.    Wohnschr.,     1910,    Ivii,    561  ;     Iversen  : 
Miinchen.  iikmI.  Wclmschr..  lOlO.  Ivii.  777. 


'I'lic  fdllowi!)!;"  cxpci-iiiiciils  Ikinc  Ix-cu  mjidc  In  dotfir- 
iiiiiic  llic  nclioii  of  lliis  siihsiniicc  on  nniiiwils  itifrrfod 
with  Ihc  s|)ii*()cli(^f(>s  of  vmws. 

I\(ihl)il  /. — April  1.  iiii)ciil;i<('(l  ill  left  testicle,  with  iiint.crial 
from  Kiihbit  ('  (first  ^MMicrat  ion  ti-oiii  linman  caRo).  Mny  0, 
nodule  |>al|)al)le.  s|>iroeliet  es  present:  t  liiit  y-six  days.  May  7, 
->|)iroelietes  present.  May  !),  nodule  si/.e  of  olive;  scnini  ne<^a- 
tive;  0,1  c.c.  injected  intravenously  with  ().()()  lo  ^^m.  000  por 
Uilo.  May  10,  spirochetes  not  found.  May  12,  nodule  not  pal- 
pable, ^lay  21.  nodule  not  palpable.  .lune  .'>.  nodule  not  |)al- 
pahle.  June  1  (i,  under  etiiei-  anesthesia,  testicle  removed:  no 
lesion;    spirochetes  not  found;    serum  ne<^ative. 

Rabbit  15. — March  31,  right  testicle  inoculated  from  IJahhit 
7  (second  generation).  May  7,  nodule  palpable,  spiroehetea 
])re>ent ;  thirty-seven  days.  May  0,  treated  as  above,  intra- 
venously; serum  negative;  nodule  size  of  olive.  May  10,  spiro- 
chetes not  found.  May  12,  lesion  size  of  pea.  ]\Iay  18,  lesion 
not  palpable.     May  28,  rabbit  dead;   testicle  shows  no  lesion. 

Rabbit  11. — April  14,  left  testicle  inoculated  from  Eabbit  6 
(second  generation).  May  7,  nodule  palpable,  spirochetes 
present ;  twenty-three  days.  May  i),  treated  as  above,  subcu- 
taneously;  serum  negative;  nodule  size  of  pea.  ^fay  10,  spiro- 
chetes not  present.  May  12,  spirochetes  not  found.  May  18, 
lesion  not  palpable.  June  10,  under  ether  anesthesia,  rabbit 
castrated;   no  lesion;    serum  negative. 

Rabbit  21. — April  22,  right  testicle  inoculated  from  Rabbit  9 
(third  generation).  May  14,  nodule  palpable,  spirochetes 
present;  twenty-two  days.  May  23,  serum  positive.  May  24, 
spirochetes  present;  treated  as  above,  intravenously.  ]\lay  25, 
spirochetes  not  found.  May  27,  serum  positive:  lesion  not 
palpable.  May  31,  serum  positive.  June  14,  lesion  not  palp- 
able; serum  positive.  June  17,  under  ether  anesthesia,  rabbit 
castrated;  no  lesion.     June  23,  serum  negative. 

In  several  animals,  tlie  serum  reaction  lias  persisted 
a  number  of  days  after  the  removal  of  the  focus  of  in- 
fection. 

In  all  these  animals  no  spirochetes  could  be  found 
twenty-four  hours  after  the  treatment;  the  lesion  dis- 
appeared after  two  or  three  days  and.  except  in  the  last 
case,  no  complement  fixation  reaction  occurred. 

In  animals  not  treated,  the  lesion,  as  noted  above. 
l)ersists  several   weeks  at   least  and   the  serum   reaction 


ot'ciirs  in  one  or  two  week*.  These  animals  were,  there- 
fore, permanently  cured  bv  a  single  small  dose.  Rabbits 
tolerate  a  dose  thirty  times  as  great  as  the  one  given. 

Three  monkeys  infected  on  the  eyebrow  have  also  been 
treated  in  a  similar  way  and  the  lesions  have  disappeared 
after  twenty-one  days. 

It  would  seem  worth  while  to  try  this  remedy  in  our 
tropical  possessions  where  the  natives  are  frequently, 
and  white  men  are  occasionally,  infected. 
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LATENT    LIFE    OF    ARTERIES.^ 

By  ALEXIS  CARREL. 

{From    the    Laboratories    of    the    Rockefeller   Institute   for   Medical    Research, 

Xezo   York) 

Plates  XL-XLIIL 
I.    INTRODUCTION. 

A  tissue  is  in  latent  life  when  its  metci])olism  becomes  so  slight 
that  it  cannot  be  detected,  and  also  when  its  metabolism  is  com- 
pletely suspended.  Latent  life  means,  therefore,  two  different  con- 
ditions, unmanifested  actual  life  and  potential  life.  Unmanifested 
actual  life  is  a  normal  stage  of  the  evolution  of  all  organisms,  when 
they  progress  from  general  death  toward  elemental  death.  As  the 
metabolism  is  still  going  on,  although  very  slowly,  it  is  a  temporary 
condition.  Sooner  or  later  cadaveric  lesions  develop  which  bring 
about  the  complete  disintegration  of  the  protoplasm.  Potential 
life  consists  of  a  suspension  of  all  actual  vital  processes.  The 
metabolism  being  suppressed,  no  cadaveric  changes  would  take  place 
in  the  protoplasma.  Tissues  in  a  condition  of  potential  life  could 
be  preserved  outside  of  the  body  for  an  indefinite  period  of  time. 

Since  the  discovery  by  Loewenhoek,  many  observers  have  studied 
the  conditions  and  the  nature  of  latent  life.  Their  work  was  of 
great  biological  and  metaphysical  importance,  but  it  did  not 
seem  that  their  observations  would  ever  be  of  practical  interest. 
Nevertheless,  it  happens  to-day  that  the  evolution  of  surgery  leads 
to  the  use  of  latent  life  in  human  therapeutics.  In  several  kinds 
of  operations  on  blood-vessels,  nerves  and  even  the  ureter,  the 
graft  of  vascular  segments  can  be  employed.  Human  vessels 
must  be  used,  because  autoplastic  and  homoplastic  transplantations 
are  more  successful  than  heteroplastic  transplantations.  Auto- 
plastic grafting  of  arteries  is  not  possible,  since  every  large  artery 
is  necessary  to  the  organism.  Homoplastic  grafting  only  can  be 
used.     The  graft  must  be  taken  from  an  amputated  limb,  or  from 

^Received  for  publication  March  31,  1910. 
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the  fresh  cadaxtT  of  an  c\criilr<l  criininal  or  of  a  man  killed  by 
accident.  lUit  such  an  opportunily  will  cerlainly  ikjI  occur  i)re- 
ciselv  wlien  a  _i;iafl  is  needed  for  an  o])ei-alion.  Tlie  j:(rafls,  there- 
fore, nmsl  he  kt'pt  in  s1orai;e  and  \)v  vv:\(\\  for  nse  when  necessary. 
Such  a  preseiN  alion  of  vessels  outside  of  the  hody  can  he  ohtained 
h\-  i)lacini;-  them  in  a  condition  of  latent  life. 

What    form  of  latent  life  can  he  used    for  ])reserving  tissues  of 
nianimals  outside  of  the  organism?     Although  unmanifested  actual 
life  is  only  a  slow  ])rogress  towards  elemental  disintegration,   it 
would  be  of  practical  value.      It  would  permit  us  to  preserve  the 
tissues  for  some  time  in  such  a  condition  that  they  could  be  revived 
if  given  back  their  normal  physico-chemical  conditions.      A  tissue, 
immediately  after  its  extirpation  from  the  body  or  after  death,  is 
still  living.      Its  metabolism  is  going  on  slowly,  while  the  microbian 
and  autolytic  fermentations  begin  which  sooner  or  later  bring  about 
elemental  death.      There  is  a  period  during  which  the  cadaveric 
lesions  are  still  so  slight  that  they  can  be  interrupted,  if  the  tissues 
are  placed  again  in  their  normal  condition.     The  length  of  the  period 
intermediate    between    general    death    and    protoplasmic    destruc- 
tion varies  according  to  the  nature  of  the  tissues,  the  temperature 
and  a  great  many  other  factors.      It  is  well  known  that  epidermis 
or  periosteum  can  be  kept  for  a  long  time  outside  of  the  body  and 
be  grafted  successfully.      Sixty  years  ago,  Paul  Bert  (i)   showed 
that  the  transplantation  of  rats'  tails,  preserved  for  several  days 
in  a  small  quantity  of  confined  air,  at  a  temperature  not  higher  than 
+  12°   C,   gave  positive  results.      Lately,   Jolly    (2),   examining 
a  few  drops  of  triton's  blood,  which  had  been  preserved  for  fifteen 
days  in  cold  storage  and  then  put  back  at  normal  temperature,  saw 
the  red  blood  corpuscles  undergoing  indirect   division.       Ehrlich 
(3)  has  demonstrated  that  pieces  of  tumor  which  have  been  frozen 
for  a  long  time  grow  again  when  transplanted.      Preservation  of 
arteries  in  unmanifested  actual  life  would  not  be  perfect,  because 
it  retards  only  and  does  not  suppress  the  occurrence  of  cadaveric 
lesions.      It  may  be,  nevertheless,  of  practical  value  in  surgery. 

The  ideal  method  would  be  to  place  the  vessels  in  a  condition  of 
potential  life.  The  metabolism  being  completely  stopped,  the  dura- 
tion  of   the   period   of   preservation   could   be   indefinite.       Many 
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physiologists  do  not  adiiiil  the  possibility  of  the  complete  suspension 
of  metabolism.  They  believe  that  when  Doyere  (4)  dried  a  rotifer, 
heated  it  at  100°  C,  and  revived  it  afterward,  or  when  Paul  Bert 
grafted  successfully  upon  a  rat  a  rat's  tail  which  had  been  dried  in 
vacuum  and  heated  at  100°  C,  the  metabolism  of  these  tissues  had 
not  been  interrupted.  It  seems,  nevertheless,  that  under  certain 
conditions  metabolism  can  be  suspended.  Becquerel  (5)  has  pre- 
served seeds  for  months  in  a  vacuum,  at  temperatures  as  low  as 
—  190°  C.  and  — 253°  C,  and  germination  occurred  afterwards. 
It  seems  reasonable  to  believe  that  protoplasm  can  be  placed  in  such 
a  condition  that  life  does  not  exist  actually,  but  merely  potentially. 
Gautier  thought  that  protoplasm  can  remain  lifeless  until  it  is  given 
its  normal  physico-chemical  condition,  like  a  clock  waiting  in  abso- 
lute immobility  for  the  motion  which  starts  its  mechanism.  Po- 
tential life  can  probably  exist  in  seeds.  But  it  is  improbable, 
although  not  impossible,  that  tissues  of  mammals  can  be  placed  in 
a  condition  of  potential  life  without  undergoing  a  fatal  disintegra- 
tion. 

I  began  in  1906  some  experiments  on  the  preservation  of  arteries 
in  cold  storage  (6).  It  was  found  immediately  that  a  dog's  carotid 
artery  could  be  preserved  outside  of  the  body  at  a  low  tempera- 
ture for  several  days  and  transplanted  without  suffering  degenera- 
tion of  its  muscle  fibers.  Afterwards,  I  studied  more  extensively 
the  different  methods  which  can  be  used  in  the  preservation  of 
vessels  in  latent  life  and  their  biological  and  surgical  results. 

II.    TECHNIQUE. 

The  experiments  were  performed  on  dogs.  The  animals  were 
etherized  not  only  during  the  operation  but  also  during  the  shaving 
and  the  preparation  of  the  skin  and  the  post-operative  examination 
of  the  vessels.  They  were  operated  on  by  the  methods  used  on 
human  patients. 

Each  experiment  was  composed  of  four  stages :  extirpation  of 
arteries,  preservation,  transplantation  and  examination  of  the  re- 
sults. 

I.  Extirpation  of  Arteries. — Segments  of  common  carotid  artery 
were  extirpated   from  medium-sized  dogs  during  life  or  a  short 
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time  after  dcalli  In'  cllicr  or  clilorofonii.  'I  lie  arteries  were  ra])i(lly 
exposcil,  dissected,  resected  and  cnl  in  several  pieces  al)(>iit  three 
or  four  eeiilimeters  loiii^'.  They  were  then  waslied  in  f.ocke's  solu- 
tion and  placed  in  stei-ihzed  glass  tubes.  The  extirpation  and  the 
handlini;-  of  tlie  vessels  were  made  under  rii^id  asepsis. 

J.  I' reservation  of  Arteries. — In  a  first  set  of  exi)erimcnts,  the 
arteries  were  killed  in  order  that  the  evolution  of  dead  arteries  and 
of  arteries  in  latent  life  could  be  compared.  In  a  second  set,  it  was 
attempted  to  preserve  the  arteries  by  freezing  and  drying.  In  a 
third  set  the  arteries  were  merely  preserved  in  cold  storage. 

(a)  Preservation  of  Dead  Arteries. — The  arteries  were  killed 
by  being  placed  into  a  sealed  tube  with  a  few^  drops  of  Locke's  solu- 
tion and  heated  at  80  '  C.  for  ten  minutes,  or  by  being  immersed 
in  glycerin,  or  in  a  2/100  solution  of  formalin.  Afterw'ards,  the 
formalined  vessel  was  washed  in  a  diluted  solution  of  ammonia  and 
in  Locke's  solution. 

{h)  Preservation  of  Arteries  by  Freezing  or  by  Drying. — The 
tubes  containing  the  arteries  were  placed  in  a  refrigerator,  the 
temperature  of  wdiich  was  oscillating  a  little  above  and  below  —  3'^ 
C.  The  vessels  were  kept  at  this  temperature  for  several  days.  A 
few  hours  before  the  transplantation,  the  tubes  w^ere  removed  from 
the  first  refrigerator  and  put  into  another  one  about  at  the  freezing 
point.  Two  hours  after,  they  were  taken  to  the  laboratory  at  a 
temperature  of  about  +29^  C. 

In  tlie  preservation  by  drying,  the  arterial  segments  were  sealed 
in  a  test  tube,  the  bottom  of  which  was  filled  with  calcium  chloride. 
After  a  few  hours,  the  arteries  shrank  and  became  yellow^ish  and, 
finally,  hard  and  dried  like  a  strand  of  catgut.  They  could  be 
preserved  in  that  condition  for  an  indefinite  period  of  time,  at  the 
temperature  of  the  laboratory  or  in  cold  storage.  In  one  experi- 
ment, the  tube  was  placed  for  several  minutes  in  boiling  water. 
Tw'O  hours  before  the  transplantation,  the  arteries  were  removed 
from  their  tubes  and  placed  in  Locke's  solution.  Progressively, 
they  were  imbibed  by  the  fluid,  the  lumen  became  visible,  the 
yellowish  color  disappeared,  and  after  an  hour  or  an  hour  and  a 
half,  they  had  regained  their  normal  appearance.  From  a  gross 
anatomical  standpoint,  they  looked  exactly  like  vessels  freshly  ex- 
tirpated from  an  animal. 
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(c)  Preservation  of  Arteries  in  Cold  Storage. — The  arteries 
were  placed  in  glass  tubes  filled  with  salt  solution,  Locke's  solution, 
humid  air,  vaselin,  serum  or  defibrinated  blood.  The  tubes  were 
sealed  and  deposited  in  cold  storage.  Until  March,  1908.  the 
temperature  of  the  refrigerator  was  often  a  little  above  the  freez- 
ing point,  but  was  also  oscillating  from  — 2'  or  — 3"^  to  +  12° 
or  +  15°-  The  apparatus  was  unreliable.  Since  March,  1908,  I 
have  used  an  ice  box,  the  temperature  of  which  is  constantly  be- 
tween o^  and  -\-  i'^  C. 

3.  Transplantation  of  the  Arteries. — The  arterial  segments  were 
removed  from  the  tubes,  washed  in  Locke's  solution,  and  s(jaked 
in  vaselin.  One  of  the  carotid  arteries  of  a  dog  was  dissected  and 
cut,  and  the  preserved  segment  interposed  between  and  sutured  to 
its  ends  by  the  ordinary  method.  Rigid  asepsis  was  employed  in 
these  operations.  The  degree  of  asepsis  varied  according  to  dif- 
ferent changes  in  the  organization  of  the  laboratory.  From  Oc- 
tober, 1906,  to  October,  1908,  the  degree  of  asepsis  was  generally 
high.  From  October,  1908,  to  January,  1909,  it  was  lower  and 
some  non-suppurative  infections  were  observed.  After  January, 
1909,  asepsis  became  excellent. 

4.  Examination  of  the  Resnlts. — The  results  were  examined 
clinically  and  anatomically  some  time  after  the  operation.  After 
a  few  weeks  or  a  few  months  the  neck  of  the  dog  was  reopened, 
the  vessel  was  dissected  and  the  conditions  of  the  circulation  were 
examined.  It  is  important  to  observe  the  transplanted  segment 
while  the  blood  is  circulating.  Its  morphology  is  often  different, 
whether  it  is  functionating  or  not.  Some  of  the  animals  were 
examined  in  that  manner  several  times.  When  the  time  which 
had  elapsed  since  the  operation  was  considered  sufficient,  the  speci- 
men was  removed  and  examined  from  a  gross  anatomical  stand- 
point. Sections  of  the  transplanted  arteries  were  fixed  in  Zenker's 
fluid,  embedded  in  paraffin,  sectioned  and  stained  with  hematoxylin- 
eosin,  Weigert's  elastic  tissue  stain,  and  with  von  Gieson's  method, 
when  necessary. 

III.    EXPERIMENTS. 

The  experiments  are  divided  in  three  groups:  ((7)  transplantation 
of  dead  vessels,  {b)  transplantation  of  frozen  or  dried  vessels,  (c) 
transplantation  of  vessels  preserved  in  cold  storage. 
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((/)  'rra)isplautatii)}i  of  Dead  I'csscls. — Three  experinienls  were 
performed.  The  arterial  sei;iiienls  were  kiUed  l)y  fornialin,  glycerin 
and  heat. 

Ii.vlH'rinwnt  i.  .liirry  KilU-il  by  I'ormalin. — Small  brown  dog,  No.  ^^13. 
Novenibor  4,  1908.  Transplaiitalion  on  the  right  carolid  artery  of  a  segment  of 
carotid  extirpated  on  November  2,  1908,  put  in  a  2/100  solution  of  formalin 
for  (wo  days;  washed  in  a  weak  solution  of  ammonia,  in  Locke's  solution,  and 
placed  afterwards  in  vaselin.  Microscopical  examination. — Section  141.  Artery 
normal.  November  12.  No  pulsations.  Opening  of  the  neck.  Obliteration. 
Marked  reaction  of  the  connective  tissue.  Microscopical  examination. — Section 
166  (Plate  XL,  Fig.  i).  No  intima.  Media:  elastic  libers  stretched,  no  muscu- 
lar nuclei,  a  few  debris  of  nuclei  in  outer  layers  of  the  media.  Adventitia  very 
much  thickened. 

Experiment  2.  Artery  Killed  by  Glycerin. — Brindle  female  dog,  No.  307. 
October  27,  1908.  Transplantation  on  the  right  carotid  artery  of  a  segment 
of  carotid  preserved  in  glycerin,  and  washed  in  Locke's  solution.  Microscopical 
examination. — Section  131.  Artery  almost  normal.  Nuclei  of  the  muscle  fibers 
retracted  and  many  of  them  uniformly  stained.  November  4,  1908.  No  pul- 
sations. Segment  obliterated.  Very  marked  reaction  of  the  surrounding  con- 
nective tissue.  Segment  extirpated.  Microscopical  examination. — Section  143. 
No  intima.  Media :  elastic  fibers  almost  normal.  All  the  muscular  fibers  have 
completely  disappeared  and  are  replaced  by  amorphous  substance.  Very  marked 
thickening  of  the  adventitia. 

Experiment  3.  Artery  Killed  by  Heat. — Very  young  white  and  black  male 
dog,  No.  309.  October  28,  1908.  Transplantation  on  the  right  carotid  artery  of 
a  segment  of  carotid,  extirpated  from  a  dog  on  October  26.  The  segment  was 
placed  in  a  sealed  tube,  the  atmosphere  of  which  was  humidified  by  a  few  drops 
of  Locke's  solution,  and  then  placed  in  cold  storage.  On  October  27,  the  tube 
was  placed  in  hot  water  for  8  minutes,  during  which  time  the  temperature  went 
from  85°  C.  to  70°  C.  Afterwards  it  was  deposited  again  in  cold  storage.  The 
examination  made  on  October  28  showed  the  artery  small  and  retracted,  and 
the  muscle  nuclei  darkly  stained  and  deformed.  November  12,  1908.  Dissec- 
tion of  the  artery.  No  pulsations  in  the  transplanted  segment.  Obliteration. 
Adhesion  to  the  vagus.  Alarked  reaction  of  the  connective  tissue.  Resection  of 
the  artery.  Microscopical  examination. — Section  161.  Artery  dilated.  No  in- 
tima ;  lumen  filled  with  thrombus.  Media :  elastic  fibers  stretched,  broken  and 
partly  destroyed.  Muscle  fibers  have  disappeared.  However,  a  few  debris  of 
nuclei  are  seen  in  the  outer  layers  of  the  media.  Adventitia  very  much 
thickened. 

(b)  Transplantation  of  Dried  and  Frozen  Arteries. — Fonr  trans- 
plantations of  dried  arteries  and  two  transplantations  of  frozen 
arteries  were  performed. 

Experiment  4.  Dried  Artery. — Dog  No.  315.  November  5,  1908.  Trans- 
plantation on  the  right  carotid  artery  of  a  segment  of  carotid  extirpated  from 
a  dog  on  October  26.     Immediately  after  extirpation,   the  artery  was  put  in  a 
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sealed  tube  half  filled  with  calcium  chloride.  After  a  few  hours,  the  artery  be- 
came dry  and  assumed  the  appearance  of  a  piece  of  catgut.  It  was  then  pre- 
served at  the  temperature  of  the  laboratory.  On  November  4,  the  tube  was 
broken  and  the  artery  placed  in  a  tube  tilled  with  slightly  alkaline  Locke's  solu- 
tion. On  November  5,  the  vessel  was  found  with  its  normal  appearance,  color 
and  consistency.  It  was  put  in  normal  Locke's  solution,  in  vaselin  and  grafted 
into  the  dog.  November  12.  Dissection  of  the  carotid.  Reaction  of  the  con- 
nective tissue  around  the  vessel.  Obliteration.  Microscopical  examination. — Sec- 
tion 163.  No  intima ;  lumen  filled  with  organized  thrombus.  Media :  elastic 
frame-work  normal.  No  muscular  fibers.  Adventitia  thickened  and  infiltrated 
by  leucocytes. 

Experiment  5.  Dried  Artery. — Yellow,  male,  middle-aged  bull,  No.  320. 
November  11,  1908.  Transplantation  on  the  left  carotid  artery  of  a  segment  of 
carotid  extirpated  from  a  dog  on  November  5.  The  segment  has  been  desic- 
cated in  a  tube  of  calcium  chloride  and  placed  for  one  hour  in  Locke's  solution 
just  before  the  transplantation.  It  resumed  its  normal  appearance.  After  trans- 
plantation and  reestablishment  of  circulation  the  vasa  vasorum  are  immediately 
injected  with  blood.  Normal  color,  caliber  and  consistency.  Histological  exami- 
nation.— November  25.  No  pulsation  on  the  left  side.  November  30.  Opening 
of  the  neck.  Obliteration  of  the  transplanted  segment.  Microscopical  examina- 
tion.— Section  184.  Lumen  filled  with  thrombus.  Intima  present  in  some  places 
and  very  much  thickened.  Media  dissected  in  several  places  by  infiltration  of  red 
blood  corpuscles.  Elastic  frame-work  normal.  In  many  places,  the  muscular 
fibers  have  completely  disappeared.  In  one  point  of  the  media,  close  to  the 
adventitia,  a  number  of  muscular  fibers  are  still  normal.  Adventitia  a  little 
thickened. 

Experiment  6.  Dried  and  Heated  Artery. — Yellow,  male,  middle-aged  bull, 
No.  320.  November  11,  1908.  Transplantation  on  the  right  carotid  of  a  seg- 
ment of  carotid  artery  extirpated  on  November  5,  1908,  desiccated  in  a  tube  of 
calcium  chloride,  heated  for  12  minutes  at  100°  C,  and  placed  for  one  hour  in 
Locke's  solution,  just  prior  to  the  transplantation.  Microscopical  examination. — 
Section  154.  Artery  apparently  normal.  But  under  high  power,  muscle  fiber 
nuclei  appear  to  be  deformed.  November  25.  Normal  pulsations.  November 
30,  Opening  of  the  neck.  Normal  pulsations.  Normal  appearance  of  the 
vessel.  No  modification  of  caliber  of  the  transplanted  segment.  Extirpation  of 
the  upper  part  of  the  segment  and  reestablishment  of  the  circulation  by  a  seg- 
ment of  jugular  vein.  Microscopical  examination. — Section  185.  No  intima. 
Media :  thinner  than  normal,  elastic  fibers  normal,  no  muscular  fibers.  How^- 
ever,  a  very  few  elongated  nuclei  are  seen  in  the  more  external  layers,  close  to 
the  adventitia.  Adventitia  exceedingly  thickened,  about  twice  and  three  times 
thicker   than   the   media,   according   to   the   location. 

Experiment  7.  Dried  Artery. — White,  black  and  yellow  bitch.  No.  324.  Nov- 
ember 20,  1908.  Transplantation  on  the  right  carotid  artery  of  a  segment  of 
carotid  artery  extirpated  on  November  16,  1908,  and  dried  on  calcium  chloride. 
Microscopical  examination. — Section  177.  No  intima.  Adventitia  normal. 
Media :  elastic  fibers  normal,  nuclei  of  muscular  fibers  more  irregular  and  uni- 
formly stained.  November  2^.  Normal  pulsations.  June  8,  1909.  Dog  died 
at  the  farm.      Macroscopical  examination. — Dissection  of  the  carotid.      No  ad- 
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111  Scptcin1)or.  1905,  Osborne,  Mendel  and  llarris  (i)  pnblished 
a  paper  entitled,  *' A  Study  of  the  Proteins  of  the  Castor  Bean,  with 
Special  Reference  to  the  Isolation  of  Ricin."  In  their  study  they 
found  that  the  toxic  substance  known  as  ricin  was  associated  with 
the  coagulable  albumin  of  the  castor  bean,  and  that  of  this  protein 
0.0005  niilligranis  per  kilo  of  body  weight  injected  into  a  rabbit 
caused  death  on  the  seventh  day,  and  a  dose  of  0.0032  milligrams 
per  kilo  injected  into  a  guinea  pig  caused  death  in  seven  days. 
With  their  preparation  (No.  15),  the  susceptibility  of  the  rabbit 
and  the  cat  were  about  equal,  o.  i  milligrams  per  kilo  causing  death 
in  two  to  three  days  in  these  two  animals.  In  the  guinea  pig  and 
dog,  0.5  milligrams  per  kilo  caused  death  within  forty-eight  hours. 
They  did  not  test  in  any  more  detail  this  preparation,  which  was 
about  one  hundred  times  more  toxic  than  that  of  Cushny,  who  had 
up  to  this  time  prepared  the  most  potent  ricin.  I  shall  not  go  into 
a  further  discussion  of  the  historical  aspect  of  this  subject,  but  shall 
proceed  to  detail  my  results. 

Preparation. — In  the  preparation  of  the  ricin  used  in  this  work 
I  followed  exactly  the  method  detailed  by  Osborne,  IMendel  and 
Harris.  Although  I  followed  their  method  in  every  step,  I  did  not 
get  the  proportionate  yield  of  ricin  that  they  obtained,  probably 
owing  to  their  greater  experience  in  the  isolation  of  proteids. 
Roughly  stated,  the  method  consists  of  extracting  the  ground  beans 
for  forty-eight  hours  with  10  per  cent,  sodium  chloride  solution, 
two  liters  of  solution  to  the  kilo  of  meal.^     This  is  filtered  and 

^  Aided  by  a  grant  from  the  Rockefeller  Institute  for  ■Medical  Research.  Re- 
ceived for  publication  May  4,  1910. 

^All  the  oil  has  previously  been  removed  from  the  ground  beans  by 
extraction  with  ether  and  pressure  and  then  a  further  grinding. 
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then  dialyzed  for  four  or  five  clays.  It  is  again  filtered  and  the 
precipitated  globuhn  removed.  To  the  filtrate  is  then  added  enough 
aninioniuni  sulphate  to  bring  it  to  a  45  per  cent,  concentration. 
After  standing  the  precipitate  is  filtered  off  and  dissolved  in  water, 
after  which  is  added  an  equal  quantity  of  the  saturated  ammonium 
sulphate  solution.  It  is  then  allowed  to  stand  over  night  and  again 
the  precipitate  is  removed  by  filtration.^  The  dried  precipitate 
then  contains  less  ammonium  sulphate  than  it  otherwise  would. 
After  this,  the  partially  dried  precipitate  is  dissolved  in  water,  and 
enough  saturated  ammonium  sulphate  solution  is  added  to  bring 
it  to  a  2)3  per  cent,  concentration.  When  the  precipitate  that  has 
been  formed  by  this  concentration  of  ammonium  sulphate  has  set- 
tled, it  is  collected  on  a  filter  and  then  dissolved  in  water  and 
dialyzed,  first  for  seven  days  against  running  tap  water  and  then 
against  distilled  water  for  another  week.  It  is  then  carefully 
filtered  and  the  filtrate  evaporated  as  rapidly  as  possible  to  dryness 
in  vacuo.  The  coagulable  albumin  so  isolated  is  the  most  toxic 
fraction  to  be  obtained  from  the  proteins  of  the  castor  bean. 
Another  fraction  of  coagulable  albumin  may  be  obtained  by  bring- 
ing the  filtrate  of  the  33  per  cent,  ammonium  sulphate  concentra- 
tion to  a  50  per  cent,  concentration  and  this  is  also  toxic  but  less  so 
than  the  precipitate  obtained  from  the  33  per  cent,  concentration, 
as  the  precipitate  from  the  50  per  cent,  concentration  contains  a 
greater  quantity  of  proteose.  All  of  the  results  detailed  in  this 
paper  were  obtained  with  the  albumin  precipitated  by  a  33  per  cent, 
concentration  of  ammonium  sulphate.  Osborne,  Mendel  and 
Harris  found  in  their  preparation  of  this  fraction  coagulable  albu- 
min, 70.64,  and  proteose,  29.36. 

To  determine  the  amount  of  coagulable  protein  and  proteose  in  the 
preparation  used  in  this  work,  0.827  gram,  calculated  as  ash  free,"* 
were  taken  and  dissolved  in  10  per  cent,  sodium  chloride  solution. 
It  was  heated  on  a  water  bath  for  one  and  a  half  hours  at  94°  to 
96°  C.  The  coagulum  was  filtered  off,  washed,  dried  and  weighed. 
It  contained  0.524  gram,   leaving  .203   gram  of   proteose   which 

^  These  protein  precipitates  are  best  deprived  of  the  excess  fluid  and  salts 
by  placing  them  between  large  quantities  of  filter  paper  and  applying  a  gradually 
increasing  pressure. 

*  Ash  ^5.16  per  cent. 
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p^avctlie  follow  iiii^M-csult  of  perccnlaf^es  :  coai^ulablccilbuniin,  75.46; 
proteose,  -'4. 5^1-  It  w  ill  he  seen  that  this  a.t^rees  fairly  well  with  the 
lli^ures  ohtaiiu'd  hy  ()sl)orne,  Mendel  and  Harris,  exee])t  that  the 
coat^ulahle  pioteid  is  slii^htly  hii^hcr. 

The  Toxicity  of  tJic  rrcpanition. — Oshoine,  Mendel  and  Harris 
fonnd  that  the  minimal  letlial  dose  of  their  most  toxic  preparation 
for  \ajions  animals  was  as  follows:  for  rabbits,  0.0005  niilhgram 
per  kilo;  for  guinea  pigs,  0.0032  milligram  per  kilo;  for  dogs,  0.5 
milligram  per  kilo  (death  in  forty-eight  hours);  for  cats,  .1  milli- 
gram per  kilo. 

1'he  minimal  lethal  dose  of  the  preparation  under  discussion  was 
as  follows:  for  rabbits,  o.oooi  milligram  per  kilo;  for  guinea  pigs, 
0.0008  milligram  per  kilo;  for  dogs,  0.0006  milligram  per  kilo, 
for  cats,  0.0002  milligram  per  kilo;  for  goats,  0.003  Ji^iHigram  per 
kilo  (death  in  three  days). 

In  the  case  of  the  goat  this  dose  caused  death  on  the  third  day. 
The  autopsy  findings  in  these  various  animals  were  similar.  These 
doses  are  based  on  intramuscular  inoculation.  Intravenous  injec- 
tion gave  a  shorter  incubation  period,  but  no  great  difference  in  the 
minimal  lethal  dose.  The  time  of  death  could  be  gauged  within 
rather  narrow  limits  by  varying  the  size  of  the  dose.  In  rabbits, 
10  milligrams  per  kilo  caused  death  in  five  to  six  hours.  One  hun- 
dred milligrams  gave  exactly  the  same  result,  showing  that  the 
minimal  incubation  period  is  between  five  and  six  liours.  The 
pathological  lesions  were  never  as  marked  in  these  cases  of  short 
incubation  periods  as  in  those  animals  dying  from  the  third  to  the 
sixth  day.  Death  could  be  regularly  produced  up  to  the  sixth  day, 
but  after  this  period,  individual  variations  in  the  susceptil^ility  of 
the  animals  became  an  extremely  disturbing  factor.  Lesions 
caused  by  these  extremely  potent  preparations  are  identical  with 
those  produced  by  the  ordinary  commercial  preparations. 

In  180  animals  injected  with  fatal  doses  of  ricin,  the  results  were 
as  follow- s : 

The  autopsy  findings  were  intense  hemorrhagic  edema  at  the 
site  of  inoculation.  The  peritoneal  cavity  always  contained  a 
quantity  of  bloody  fluid,  varying  in  amount  from  50  cubic  centi- 
meters to  as  much  as  200  cubic  centimeters.      Xine  per  cent,  of  the  ani- 
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nials  showed  the  presence  of  a  bloody  fluid  in  one  or  both  pleurae. 
Three  per  cent,  showed  the  presence  of  this  fluid  in  the  pericar- 
dium. The  heart  and  lungs  were  normal.  About  5  per  cent,  of 
the  animals  showed  a  localized  hemorrhagic  area  in  the  thymus; 
2  per  cent,  in  the  thyroid  gland;  15  per  cent,  in  the  pancreas;  45 
per  cent,  in  tlie  adrenals.  The  pyloric  portion  of  the  stomach  and 
the  small  intestine  showed  these  lesions  in  every  case.  In  the  small 
intestines  the  lesions  were  more  numerous  in  the  duodenum.  The 
lymph  nodes  of  the  peritoneal  cavity  were  always  enlarged  and 
softened.  The  liver,  as  a  rule,  show^ed  marked  congestion  and 
many  areas  of  focal  necrosis.  The  spleen  was  large,  soft,  and 
extremely  engorged  with  blood.  The  microscopical  examination 
of  specimens  from  these  various  tissues  showed  exactly  the  same 
picture  that  Flexner  (2)  has  described.  The  post-mortem  picture 
is  in  some  particulars  similar  to  that  caused  by  diphtheria  toxin, 
especially  the  lesions  at  the  site  of  injection  in  the  adrenals  and 
stomach. 

The  Hemagglutinin. — This  function  of  the  preparation  was 
tested  against  the  red  blood  cells  of  horses,  rabbits,  guinea  pigs 
and  dogs.  One  cubic  centimeter  of  a  i  per  cent,  suspension  of 
well-washed  red  blood  cells,  plus  the  ricin  in  one  cubic  centimeter 
of  .9  per  cent,  sodium  chloride  solution.  The  amount  of  ricin 
required  to  bring  about  complete  agglutination  of  the  above  quan- 
tity of  red  blood  cells  varied  between  0.002  and  0.005  for  all  four 
species  of  red  blood  cells,  showing  that  there  was  not  any  greater 
variation  between  the  minimal  agglutinal  doses  than  between  the 
minimal  lethal  doses. 

Keeping  Qualities. — At  the  end  of  two  years  and  a  half  this 
preparation  was  tested  for  its  toxicity  in  rabbits,  dogs,  and  guinea 
pigs,  and  it  was  found  to  be  absolutely  inert,  one-half  gram  pro- 
ducing no  effect  in  a  rabbit.  On  the  other  hand,  the  minimal 
agglutinating  dose  was  only  slightly  raised.  It  now  required  be- 
tween 0.005  to  0.009  gram  to  bring  about  complete  agglutination 
of  one  cubic  centimeter  of  a  i  per  cent,  red  blood  cell  suspension. 

Effects  of  Electric  Current. — One  gram  of  this  protein  prepara- 
tion was  dissolved  in  twenty-five  cubic  centimeters  of  distilled 
water  and  placed  in  a  cell,  similar  to  the  one  described  by  Field 
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and  TciiL^nc  (^0.  with  ai^ar-lillcd  liihcs  as  electrodes.  A  direct 
cnnciit  was  passed  (Inoni^li  tin's  solnlion  for  five  hours,  tlie  strength 
of  the  current  hein^i;-  one  hunched  and  ten  voUs,  and  from  three  to 
cii^iit  niilh'aniperes.  After  a  very  short  time  a  wliite  flocculent  pre- 
cipitate ai)pcarcd  al)()ut  tlie  anode  agar.  At  the  iimX  of  tliis  time, 
as  no  more  preci[)itate  was  seen  to  he  forming,  tliis  precipitate  was 
collected  on  filter  paper  and  washed  thoroughly  in  distilled  water, 
in  which  it  was  insoluhle.  It  was  then  treated  with  water  contain- 
ing a  slight  trace  of  sodium  carbonate,  in  which  it  was  readily 
soluble.  Hiis  preparation  was  far  more  active  as  a  hemagglutinin 
than  the  original  preparation.  On  the  other  hand,  the  minimal 
lethal  dose  was  markedly  decreased.  The  figures  were  as  follows : 
,0001  milligram  agglutinating  dose,  as  against  0.002  to  .005.  The 
minimal  lethal  dose  for  rabbits  was  .002  milligram,  as  against 
o.oooi.  The  filtrate  show^ed  a  very  marked  loss  in  agglutinating 
value  per  milligram  of  protein,  but  it  also  showed  a  loss  in  the 
minimal  lethal  dose  as  well. 

CONCLUSIONS. 

1.  By  following  the  method  of  Osborne,  Mendel  and  Harris,  we 
can  obtain  an  extremely  potent  toxin  from  the  castor  bean. 

2.  It  would  appear,  as  a  result  of  testing  this  preparation  at  the 
end  of  two  and  a  half  years,  that  the  agglutinating  function  and 
the  toxic  function  are  two  distinct  properties. 

3.  This  result  is  also  borne  out  by  the  behavior  under  the  electric 
current ;  either  we  are  dealing  with  two  different  substances  or  else 
with  a  single  substance  with  two  distinct  toxiphore  groups,  one  of 
which  is  stable  and  the  other  labile. 
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Tlie  study  of  experimental  conditions  of  low  blood-pressure  has  been 
limited  for  the  most  part  to  conditions  of  shock  due  to  traumatism, 
thermic  influences,  or  exposure,  and  aside  from  pharmacological  investi- 
gations of  the  mode  of  action  of  certain  substances  such  as  arsenic,  but 
few  attempts  to  study,  experimentally,  low  blood-pressure  due  to  toxic 
agents  have  been  made.  The  study  of  the  latter  should,  therefore,  be  of 
interest  not  only  to  the  internist,  in  that  it  may  offer  an  explanation  of 
conditions  of  collapse  or  shock  occurring  in  medical  as  controlled  with 
surgical  practice,  but  also  of  general  importance,  in  that  it  supplements 
the  experimental  work  of  Crile^  and  others  on  surgical  shock.  Such  a 
study  was  suggested  by  the  observation  of  Biedl  and  Kraus,^  which  we^ 
have  confirmed,  that  anaphylactic  shock  in  the  dog  is  characterized  by  a 
low  blood-pressure  resembling  in  many  ways  that  of  surgical  shock.  This 
condition,  unaccompanied  by  mechanical  injury  or  hemorrhage,  but  due 
to  the  action  of  horse-serum  on  an  animal  in  every  way  normal  except 
that  it  had  been  sensitized  to  such  serum,  appeared  to  us  to  be  analogous 
to  those  conditions  of  suddenly  developing  low  pressure  occurring  in 
medical,  as  contrasted  with  surgical  practice,  which  are  usually  associated 
with  a  general  intoxication.  The  close  analogy  between  the  blood-pressure 
changes  of  anaphylactic  "shock"  and  "peptone"  intoxication  led  us  to 
utilize  the  latter  also  in  our  studies. 

The  main  object  has  been  to  study  the  treatment  of  low  blood-pressure, 
but  in  order  to  interpret  properly  the  effects  of  treatment,  it  was  neces- 
sary first  to  determine  the  mechanism  by  which  the  low  pressure  was 
brought  about  and  the  effect  of  the  alteration  in  pressure  on  the  general 
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distribution  of  the  blood.  That  portion  of  our  study  which  deals  with 
the  nit'chanisini  of  anaphylactic  shock  has  been  presented  elsfiwhere."*  'I'iic 
details  of  the  mechanism  of  peptone  intoxication  only  will  be  presented 
here,  but  as  the  mechanism  of  anaphylactic  shock  is  analogous  to  that 
of  the  peptone  effect,  the  descriptions  of  the  latter  illustrate  also  the 
former. 

DETAILS  OF  THE  STUDY 

The  change  in  the  distribution  of  the  blood  was  first  studied.  All 
animals  were  under  full  ether  anesthesia.  The  pressure  was  taken  from 
the  left  femoral  artery  with  a  mercury  manometer;  the  peptone  solution 
was  injected  at  body  temperature,  and  slowly,  into  the  right  femoral 
vein.  The  changes  in  blood  distribution  have  been  determined  by 
oncometric  studies  of  the  spleen,  kidney  and  intestine,  by  a  cannula 
introduced  into  the  right  common  iliac  vein  and  projecting  into  the 
inferior  vena  cava,  by  plethysmographic  study  of  a  fore  limb  and  by  a 
metal  cylinder  penetrating  the  cranial  cavity.  Each  of  these  pieces  of 
apparatus  was  connected  by  rubber  tubing  with  bellows  recorders  allowing 
simultaneous  records  on  a  revolving  drum.  It  w^as  thus  possible  in  a 
single  experiment  to  obtain  simultaneously,  as  was  frequently  done, 
records  of  the  circulatory  variations  in  the  femoral  artery,  the  iliac  vein, 
the  kidney,  the  spleen  and  the  intestine,  with  also  a  record  of  the  respira- 
tion, or  any  combination  of  these,  and  a  record  of  variations  in  the  volume 
of  a  limb,  or  in  intracranial  pressure.  The  temperature  of  the  animals 
was  maintained  by  a  hot-water  coil  encircling  the  greater  part  of  the 
trunk.  A  record  of  temperature  was  obtained  by  a  thermometer  in  the 
rectum.  Peptone  (Witte's)  was  injected  intravenously  in  the  strength  of 
10  per  cent,  in  0.85  per  cent,  salt  solution.  The  solution  was  allowed  to 
run  into  the  vein  slowly  from  a  burette  until  a  sharp  fall  in  pressure 
occurred.  The  amount  necessary  varied  considerably,  but  it  usually 
required  0.3  to  O.-i  gm.  per  kilo  to  cause  a  fall  in  pressure  lasting  five 
minutes  or  more  without  upward  tendency.  This  phase  of  our  investiga- 
tion includes  ten  observations. 

OBSERVATIONS    FROM    THE    EXPERIMENTS 

It  w^as  found  that  "peptone'^  intoxication  and  anaphylactic  ^^shock" 
are  characterized  by  changes  in  the  circulation  which  are  closely  analo- 
gous, except  that  in  anaphylaxis  the  onset  is  more  abrupt  and  the  result- 
ing condition  more  prolonged.   In  both  a  fall  in  blood-pressure,  equal  to 
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50  to  70  mm.  Hg,  occurs  iinmcdijitcly  after  injection.  Hiis  is  indepen- 
dent of  initial  change  in  heart  action,  thougli  during  the  continuance 
of  tlie  cfTect  the  pulse-pressure  is  low,  the  result,  apparently,  of  the 
small  volume  of  hlood  ])assing  through  the;  lieart.  Respiratory  distur- 
bances, except  in  so  far  as  they  are  secondary  to  tlic  medullary  anemia 
consequent  on  the  low  general  pressure^  are  absent. 

Oncomctric  studies  show  a  decrease  in  the  volume  of  kidney,  intestine 
and  spleen  simultaneous  with  the  fall  in  arterial  pressure.  Of  these  three 
organs  the  dcx^rease  is  as  a  rule  most  marked  in  the  kidney  and  least  in 
the  intestine.  A  very  slight  initial  decrease  in  brain-volume  has  been 
found  as  well  as  a  slight  diminution  in  the  volume  of  an  extremity.  This 
decreased  peripheral  circulation  is  accompanied  by  an  accumulation  of 
blood  in  the  large  veins  of  the  abdomen.  This  has  been  determined  by 
inspection  of  the  liver  and  large  veins,  and  by  the  observation  that  a  can- 
nula introduced  into  the  inferior  vena  cava  and  connected  with  a  water 
manometer  shows  a  moderate  increase  of  pressure  equal  to  G  to  10  mm. 
water  at  the  time  of  fall  in  arterial  pressure,  with  an  almost  immediate 
return  to  normal  level  as  the  blood  becomes  evenly  distributed  throughout 
the  large  venous  trunks. 

It  is  evident,  therefore,  that  the  important  feature  of  the  condition 
of  low  pressure  here  described  is  a  loss  of  tone  of  the  vessels  of  the 
splanchnic  area,  resulting  in  extreme  congestion  of  the  large  venous 
trunks.  From  this  condition  the  animal  does  not  quickly  recover,  and,  as 
will  be  shown  later,  it  is  not  readily  influenced  by  circulatory  stimulants. 
It  is  essentially  the  condition  frequently  characterized  as  a  ^^Dleeding 
into  the  veins  of  the  abdomen"  and  in  many  respects  is  analogous  to  the 
circulatory  disturbance  of  surgical  shock. 

Our  results  with  peptone  differ  somewhat  from  those  of  Thompson,  in  that 
he  found  by  oncometric  studies  a  secondary  rise  in  intestine-volume.  He  lays  much 
stress  on  the  influence  of  gravity,  the  secondary  rise  in  intestine-volume  being 
most  in  evidence  when  the  animal  is  placed  on  its  side  and  the  level  of  the 
oncometer  lowered.  This  apparent  mechanical  error  we  have  avoided  by  placing 
the  intestinal  and  other  oncometers  in  as  nearly  as  possible  the  normal  position 
of  the  organ  under  observation.  The  uniformity  of  our  results  leads  us  to  believe 
that  they  are  not  affected  by  mechanical  influences.  This  view  is  strengthened 
by  the  fact  that  the  organ-volume  closely  followed  the  general  blood-pressure, 
and  transient  changes  in  the  latter  brought  about  in  various  ways  were  always 
accompanied  by  changes  in  organ-volume.  Also  it  may  be  stated  that  by  direct 
inspection  during  the  stage  of  low  pressure  the  intestine  showed  no  evidence  of 
congestion  except  in  the  large  veins;  the  pallor  of  the  tissue,  under  such  circum- 
stances, was  strikinjj. 
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MECHANISM  OF  THE  PEPTONE  REACTION 

The  mechanism  of  the  "peptone"  reaction  lias  been  studied  extensively.  At 
present  we  are  not  especially  concerned  with  the  question  of  the  nature  of  the 
substance  in  preparations  of  peptone  which  causes  the  effect  on  blood-pressure.' 
It  may  be  sufficient  to  state  that  the  older  view,  based  largely  on  the  experiments 
of  Pick  and  Spiro/  that  the  physiological  effects  were  due  not  to  the  contained 
proteoses,  but  to  impurities,  has  been  rendered  untenable  by  Underhill's  results 
with  purified  products;  also  that  the  contradictory  results  depend  largely  on  the 
animal  used;  thus  the  dog  is  found  most  susceptible,  the  cat  less  so,  and  the 
rabbit  extremely  resistant. 

MECHANISM  OF   CIRCULATORY   CHANGES 

Concerning  the  physiological  mechanism  of  the  circulatory  changes,  we  have 
no  definite  experiments  previous  to  those  of  Thompson,  though  Pollitzer  had 
described  the  blood-pressure  changes  as  due  to  a  vasomotor  paralysis  affecting 
chiefly,  if  not  wholly,  the  splanchnic  region,  and  Grosjean,  also,  had  ascribed  to 
the  vasodilatation  the  chief  role,  but  believed  it  to  be  the  result  of  a  central 
disturbance.  As  tlie  result  of  an  extended  series  of  experiments,  Thompson  con- 
cludes that  the  action  of  peptone  is  a  direct  or  peripheral  effect  on  the  blood- 
vessels independent  of  the  vasomotor  center.  This  effect,  he  thinks,  is  in  all 
probability  a  depression  of  irritability  limited  to  the  nervous  segment  of  the 
neuro-muscular  apparatus.  His  experiments  include  { 1 )  division  of  the  spinal 
cord  and  vagi;  (2)  excitation  of  the  peripheral  end  of  the  cord;  and  (3)  excita- 
tion of  the  divided  splanchnic,  the  cord  also  being  divided.  Under  all  these  con- 
ditions "peptone"  caused  a  fall  in  pressure.  Also  it  was  observed  in  the 
splanchnic  excitation  experiments  that  at  the  period  of  lowest  blood-pressure 
splanchnic  stimulation  gave,  for  a  short  period  of  time,  no  response. 

COMPARISON  OF  PEPTONE  AND  ANAPHYLACTIC  REACTIONS 

Our  study  by  physiological  methods  of  the  mechanism  of  changes  in 
pressure  due  to  "peptone,"  and  that  associated  with  anaphylactic  shock, 
includes  experiments  in  which  the  spinal  cord,  vagi  and  cervical  sympa- 
thetic and  splanchnic  nerves  have  been  divided.  The  fall  in  pressure 
after  peptone  injection,  as  shown  in  nine  experiments,  is  not  influenced 
by  any  or  all  of  these  procedures ;  nor  do  such  operative  procedures  have 
any  effect  in  preventing  the  low  pressure  of  anaphylaxis. 

In  order  to  eliminate  completely  any  possible  central  factors  in  the 
production  of  peptone  intoxication  and  anaphylactic  shock,  decapitated 
animals  were  used  in  addition  to  those  having  the  cord,  vagi,  and  cervical 
sympathetic  nerves  severed.  Decapitation  may  be  performed  witli  a 
comparatively  negligible  amount  of  hemorrhage  by  clamping  the  common 
carotid  arteries  and  the  internal  and  external  jugular  veins  simultane- 


6.  A  summary  of  the  literature  to  1903  may  be  found  in  the  excellent  account 
by  F.  P.  Underbill:  Xew  Experiments  on  the  Physiologic  Action  of  the  Proteoses, 
Am.  Jour.  Physiol.,  1903,  ix,  345. 

7.  Pick,  E.  P.,  and  Spiro,  K. :  Ueber  gerinnungshemmende  Agenten  im  Organ- 
ismus  hoherer  Wirbelthiere,  Ztschr.  f.  physiol.  Chem.,  1900-01,  xxxi,  237. 


ously  low  in  ilic  neck,  liaving  first  lif^ated  the  vertebral  arteries  at  the 
point  where  they  enter  their  canals  in  the  transverse  processes  of  the 
cervical  vertebnv.  After  decapitation  it  was  found  that  the  blood-pres- 
sure fell  to  a  point  averaging  one-half  of  its  original  level  and  was 
maintained  there  for  a  period  covering  the  usual  length  of  the  experi- 
ment, if  care  was  exercised  to  keep  the  artificial  respiration  uniform  and 
to  maintain  the  body  heat.  With  the  loss  of  vagus  influence  the  heart- 
rate  is  quickened,  the  pulse-pressure  lowered,  and  the  respiratory  waves 
become  well  marked.  Under  such  circumstances,  however,  both  peptone 
and  the  toxic  dose  of  horse-serum  cause  a  fall  of  blood-pressure  to  the 
level  occurring  from  similar  doses  in  intact  animals.  The  onset  of  the 
fall  is  less  abrupt,  the  low  level  is  reached  more  slowly  and  the  tendency  to 
spontaneous  recovery  is  markedly  decreased. 

When,  in  addition  to  decapitation,  the  cord  is  destroyed,  there  is  a 
further  fall«in  blood-pressure  to  a  point  so  low  that  the  heart  suffers  from 
lack  of  blood  and  death  rapidly  ensues  from  failure  of  the  circulation. 
If,  however,  this  extreme  fall  and  low  blood-pressure  level  is  combated, 
the  cardiac  anemia  prevented,  and  a  circulation  sufficient  for  the  observa- 
tion of  changes  in  pressure  is  established  by  increasing  the  blood-volume 
by  transfusion,  it  is  found  that  the  peptone  and  anaphylactic  reactions 
may  still  be  obtained.  As  a  result  of  the  extreme  peripheral  relaxation 
thus  produced,  a  condition  is  present  in  which  the  vessels  are  practically 
a  system  of  non-contractile  tubes,  cardiac  anemia  supervenes  and  death 
quickly  ensues.  This  demonstrates  conclusively  that  the  peptone  and 
anaphylactic  reactions  may  be  produced  independently  of  the  medullary 
and  spinal  centers,  by  an  influence  on  a  vasomotor  mechanism  located 
either  in  the  ganglia  of  the  splanchnic  area  or  at  the  neuromuscular  junc- 
tion in  the  vessel-Avalls.  The  experiments  in  which  the  splanchnic  nerves 
and  ganglia  were  destroyed  point  to  the  neuromuscular  junction  as  the 
seat  of  this  action. 

\Yhile  these  experiments  on  animals  with  the  spinal  cord  destroyed 
after  decapitation  have  shown  that  the  usual  effect  on  the  blood-pressure 
may  be  produced  without  central  action,  such  experiments  do  not  exclude 
the  possibility  that  the  central  vasomotor  mechanism  may  play  some  part 
in  the  symptom-complex  presented  by  intact  animals.  With  the  object 
of  ascertaining  the  nature  and  extent  of  a  possible  central  action  without 
the  complication  of  the  known  peripheral  effects,  we  were  obliged  to 
devise  a  means  by  which  the  solutions  used  might  be  introduced  into  the 
cerebral  circulation,  but  not  reach  the  circulation  of  the  body.    A  prelimi- 
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nary  operation  is  performed,  tlie  details  of  which  are  described  elsewhere,* 
whereby  vascular  communication  between  the  heart  and  the  head  and 
neck  is  obliterated  and  the  circulation  in  the  head  and  neck  maintained 
independently  by  transfusion  from  a  normal  animal.  Following  a  sliort 
period  of  irregularity  due  to  the  temporary  changes  in  the  cerebral  cir- 
culation incidental  to  the  technic  of  isolation,  the  general  blood-pressure 
of  the  recipient  is  maintained  at  a  normal  level  and  solutions  may  be 
introduced  into  the  cerebral  or  into  the  peripheral  circulations  exclu- 
sively without  any  of  the  injected  material  reaching  the  other  circulation. 
Under  such  circumstances  the  venous  outflow  from  the  cerebral  circula- 
tion took  place  through  an  incision  in  the  left  external  jugular  vein  so 
that  following  the  injections  the  brain  received  normal  blood  only. 

When  peptone  is  injected  into  the  cerebral  circulation  alone  through 
the  carotid  anastomosis  a  lowering  of  the  general  blood-pressure  occurs, 
but  the  depression  is  less  marked  and  of  shorter  duration  than  when  the 
body  alone  or  the  entire  circulation  is  involved.  Thus,  to  quote  one 
experiment,  the  fall  in  pressure  after  intracerebral  injection  was  only 
30  mm.  Hg,  whereas,  after  an  injection  into  the  femoral  vein,  two 
minutes  later,  it  was  72  mm.,  the  level  usually  obtained  in  the  intact 
animal. 

When  the  injection  is  made  into  the  circulation  of  the  trunk  alone  or 
after  recovery  from  the  effects  of  the  cerebral  injection,  it  is  found  that 
the  fall  in  pressure  is  more  abrupt  in  its  onset  than  that  due  to  intra- 
cerebral injection,  and  also  that  the  low  level  is  maintained  for  a  longer 
time.  The  recovery,  however,  occurs  more  quickly  than  in  the  intact 
animal  and  is  apparently  due  to  the  strong  constrictor  impulses  coming 
from  the  a<:tive  medullary  centers. 

Similar  results  were  obtained  when  horse-serum  was  injected  into  the 
cerebral  circulation  and  then  into  the  circulation  of  the  trunk  of  a  sen- 
sitized dog.  After  recovery  from  the  slight  temporary  depression  follow- 
ing the  cerebral  injection,  the  blood-pressure  shows  the  typical  profound 
depression  of  anaphylactic  shock  when  the  horse-serum  is  injected  into 
the  saphenous  vein.  This  is  added  evidence  that  the  peripheral  mechan- 
ism plays  the  essential  part  in  the  condition  of  anaphylactic  shock. 

We  have  therefore  felt  justified  in  concluding  that  in  l)oth  peptone 
intoxication  and  anaphylaxis  the  action  is  "wholly,  or  in  largest  degree, 
peripheral,  either  on  the  nerve  endings  or  on  the  musculature  of  the 
vessels.  A  number  of  pharmacological  experiments  have  been  made  to 
localize  the  action  still  further.     These  are  based  on  the  experiments  of 
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Dixon,"  and  Brodie^*'  and  Dixon  \vith  apocodcin.  This  substance  in  very 
large  doses  paralyzes  vasomotor  nerve  endings;  and  ^Svlicn  its  action  is 
complete,  pilocarpin,  physostigmin  and  adrenalin  liave  no  efl'ect  on  the 
blood-vessels  or  blood-pressure,  while  barium  and  digitalis  will  still  con- 
strict the  blood-vessels  and  raise  blood-pressure.  The  first  three  drugs, 
it  is  therefore  assumed,  act  on  nerve-endings  and  the  latter  two  directly 
on  muscle.'^ 

As  the  low  pressure  of  anaphylaxis  both  in  its  degree  and  in  perma- 
nence resembles  closely  that  due  to  apocodcin,  and  as  Thompson  ascribes 
the  peptone  action  to  an  effect  on  the  nerve-endings,  we  have  tested  the 
effect  of  adrenalin  and  barium  in  these  two  conditions.  The  results  are 
not  conclusive.  While  barium  causes  an  increase  in  pressure,  adrenalin 
does  likewise;  in  the  latter,  however,  the  rise  is  but  slight  and  never 
equal,  even  if  percentage  values  are  considered,  to  the  normal  adrenalin 
reaction. ^^  Assuming,  therefore,  that  adrenalin  acts  through  the  nerve 
endings,  it  is  evident  that  in  peptone  intoxication  and  anaphylactic  shock 
these  structures  are  not  completely  paralyzed.  Their  activity,  however, 
is  greatly  diminished,  not  only  as  shown  by  the  slight  adrenalin  action, 
but  also  by  the  fact  that  splanchnic  stimulation  causes  a  smaller  rise  in 
pressure  than  in  the  normal  animal.  The  muscle,  on  the  other  hand,  is 
still  very  active.  This  is  shown  not  only  by  the  barium  effect  but  also  by 
the  effect  of  nitroglycerin,  which,  according  to  Dixon  and  Brodie,  acts 
only  on  the  muscle  and  in  the  two  conditions  here  described  causes  a 
further  fall  in  pressure.  Furthermore,  if  a  sensitized  dog  under  the 
influence  of  apocodein  receives  an  injection  of  serum,  the  typical  reac- 
tions of  anaphylactic  shock  are  not  obtained.  In  fact,  the  blood-pressure 
is  raised  a  few^  millimeters  by  the  mechanical  effect  of  the  injection  and 
remains  so  for  a  period  of  about  one  minute,  gradually  returning  to  a 
point  slightly  below  the  original  level  after  two  minutes.  The  typical 
reactions  to  barium  chlorid  and  nitroglycerin  are  obtained,  but  dog's 
urine  which,  as  we  have  show^n  elsewhere,^^  acts  on  the  nerve-endings, 
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11.  If  adrenalin  and  peptone  are  given  together  the  rise  due  to  the  former 
occurs  immediately,  but  is  cut  short  by  the  peptone  effect  -which  continues  as 
usual.  This  has  previously  been  shown  by  Hamburger.  (Hamburger,  W. :  The 
Action  of  Intravenous  Injection  of  Glandular  Extracts  and  Other  Substances  on 
the  Blood-Pressure,  Am.  Jour.  Physiol.,  1904,  xi,  282.) 
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exerts  no  depressor  effect  and  adrenalin  but  slight  pressor  effect.  It  is 
therefore  evident  that  in  these  conditions  of  low  pressure  the  injury  to  the 
peripheral  vasomotor  meehanisiu  is  one  involving'  tlie  nerve-endings  rather 
than  the  muscle;  the  function  of  the  nerve-endings,  however,  is  not  com- 
pletely in  abeyance." 

TREATMENT 

From  the  foregoing  discussion  of  the  causation  of  low  blood-pressure 
in  "peptone'^  intoxication  and  anaphylactic  "shock"  it  is  evident  that  our 
therapeutic  experiments  have  for  their  object  the  amelioration  of  a  circu- 
latory condition  due  to  an  action  on  the  peripheral  vasomotor  apparatus 
and  characterized  by  an  excessive  accumulation  of  blood  in  the  large 
venous  trunks  of  the  abdomen.  There  is,  however,  this  difference  in  the 
character  of  the  low  pressure  due  to  "peptone"  and  that  due  to  anaphy- 
laxis, which  must  be  clearly  recognized  in  considering  the  results  of 
therapeusis.  Although  the  anaphylactic  condition  may  be  of  short  dura- 
Liun,  it  is  usually  characterized  by  a  low  circulatory  condition  which  fre- 
quently persists  for  long  periods  of  time  without  change  and  is  closely 
analogous  to  the  condition  of  shock  as  generally  known.  All  changes  due 
to  treatment  under  such  circumstances  are  therefore  to  be  ascribed  di- 
rectly to  the  action  of  the  agent  employed,  with  but  slight  tendency  to 
immediate  spontaneous  recuperation  on  the  part  of  the  animal.  On  the 
other  hand,  the  low  blood-pressure  of  peptone  intoxication  is  maintained 
in  the  average  intoxications  for  only  five  to  six  minutes,  witli,  after  that 
time,  a  gradual  tendency  to  improvement.  It  resembles  a  condition  of 
collapse  rather  than  shock.  Under  such  circumstances  all  treatment  after 
the  first  few  minutes  must  be  considered  as  aiding  the  natural  recupera- 
tive power  of  the  temporarily  embarrassed  vasomotor  system. 

TREATMENT  BY  TRANSFUSION 

The  condition  of  the  general  circulation  following  an  increase  in 
blood-volume  by  transfusion,  after  some  of  the  experimental  procedures 
directed  against  the  different  divisions  of  the  vasomotor  system,  serves 
to  illustrate  the  importance  of  the  role  played  by  these  separate  divisions 
in  the  process  of  recovery.  When  a  dog  is  decapitated  and  transfused, 
the  blood-pressure  rises  rapidly  in  proportion  to  the  duration  of  transfu- 
sion and  is  well  maintained.  When,  however,  in  addition  to  decapitation, 
the  spinal  cord  is  mechanically  destroyed,  transfusion  causes  a  delayed 
and  inadequate  rise  that  is  poorly  sustained.    With  the  loss  of  tonic  con- 


13.  The  experiments  described  were  carried  out  on  both  types  of  low  pressure 
and  also  on  animals  ^Yith  the  peptone  effect  added  to  that  of  anaphylaxis.  The 
results  were  the  same. 
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stricter  iinj)iilses  from  tlic  s])inal  icnters,  a  passive  dilatation  of  the  ves- 
sels occurs  and  the  small,  slow  rise  in  pressure  obtained  with  even  a 
copious  transfusion  does  not  a])pear  until  the  vessels  are  practically  dis- 
tended lo  lIuMr  full  limit  and  is,  pi-csiimahly,  purely  a  mcclianical  fea- 
ture. Before  a  level  is  reached  wliidi  is  compaiahlc  to  the  level  ohlaincd 
l)V  a  similar  transfusion  in  a  dccapiiated  animal,  the  distention  and  loss 
of  elasticity  of  the  vessels  is  so  great  that  the  heart,  which  is  receiving 
an  insulVu'ient  hlood-supply,  is  unable  to  inci'case  the  arterial  pressure 
sulliciently  to  relieve  the  venous  congestion. 

The  condition  of  the  circulation  in  anaphylactic  shock^^  is  in  a  way 
analogous  to  that  of  an  animal  with  spinal  cord  and  medullary  centers 
destroyed.  Both  centers  exert  little  or  no  influence  on  the  peripheral 
mechanism  owing  to  the  blocking  at  the  neuromuscular  junction,  and  the 
regulatory  function  of  the  medullary  centers  is  further  influenced  by  the 
local  anemia  consequent  on  general  low  pressure.  Consequently  venous 
transfusion  increases  the  dilatation  of  the  peripheral  circulation  and 
causes  an  increased  congestion  of  the  splanchnic  area,  without  materially 
augmenting  the  amount  of  blood  going  to  the  heart  and  medulla.  If  we 
compare  the  circulatory  condition  of  anaphylactic  shock  with  that  of 
hemorrhage,  we  find  in  both  a  common  condition — anemia  of  the  medul- 
lary centers — but  widely  different  conditions  in  the  peripheral  mechan- 
ism. In  anaphylactic  shock  the  latter  is  out  of  function,  while  in  hemor- 
rhage its  regulatory  power  is  intact,  and  thus  is  maintained  a  fairly 
efficient  circulation  supplying  the  heart  and  medulla,  and  venous  trans- 
fusion under  such  circumstances  causes  a  rapid  return  to  normal.  In 
anaphylactic  low  pressure,  on  the  other  hand,  such  transfusion  increases 
the  splanchnic  congestion  without  aiding  the  heart  or  the  medulla.  It 
is  evident,  therefore,  that  the  two  conditions  to  be  combated  are  (1)  the 
congestion  of  the  splanchnic  area  and  (2)  the  anemia  of  the  heart  and 
medulla.  As  preliminary  experiments  showed  that  drugs  have  little  or  no 
power  to  overcome  both  conditions,  we  resorted  to  arterial  transfusion  to 
relieve  the  second,  and  in  some  experiments,  have  bled  simultaneously 
from  the  central  end  of  the  femoral  veins,  to  reduce  the  splanchnic  con- 
gestion. 

This  combination  has  been  most  successful.  Bleeding  from  the 
femoral  vein  removes  from  the  great  veins  of  the  abdomen  a  large  amount 
of  blood  containing  accumulated  toxic  products  and  also  allows  the 
relatively  fresh  blood  of  arterial  transfusion  to  come  in  contact  with  the 
splanchnic  vessels,  thus  presumably  hastening  the  recovery  of  the  per- 


14.  The   peptone   intoxication,   altliourrh    analogous,   is   not   strictly   comparable 
on  account  of  the  tendency  to  gradual  spontaneous  recovery. 
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iphcral  vasomotor  mechanism.  At  the  same  time  the  transfusion  (by  ca- 
rotid anastomosis)  brings  a  large  volume  of  fresh  arterial  blood  directly 
to  the  capillaries  of  the  medulla  and  the  heart/*  and  hastens  their  recov- 
ery before  materially  adding  to  the  volume  of  tlie  blood  in  the  large 
venous  trunks  of  the  splanchnic  area.  This  combination  of  venous 
bleeding  and  arterial  transfusion  is  efficacious  in  both  peptone  intoxica- 
tion and  anaphylactic  shock,  and  readily  brings  about  a  condition  of 
stable  equilibrium.  On  the  other  hand  arterial  transfusion,  alone,  of 
moderate  degree,  has  been  sufficient  to  bring  about  a  restoration  of  pres- 
sure with  maintenance  at  the  original  level,  but  the  danger  of  over-trans- 
fusion and  cardiac  breakdown  is  greater. 

These  observations  demonstrate  conclusively  the  importance  of  the 
part  played  by  the  medullary  centers  in  recovery  from  conditions  of  low 
blood-pressure.^"  This  has  been  well  illustrated  in  the  work  with  an 
isolated  cerebral  circulation,  when,  with  these  centers  unaffected  by  the 
depressing  agent,  and  having  a  constant  independent  blood-supply,  the 
duration  of  low  blood-pressure,  following  the  intravenous  injection  into 
the  trunk  of  peptone  or  the  anaphylactic  dose  of  horse-serum,  was 
markedly  decreased  and  the  recovery  was  more  rapid  than  is  the  case  in 
the  intact  animal. 

These  results,  successful  as  they  are  in  experimental  procedure,  can 
hardly  1}e  recommended  as  a  basis  for  similar  therapeutic  measures  in 
treating  low  blood-pressure  in  man.  They  do,  however,  offer  a  very 
satisfactory  basis  for  the  experimental  study  of  the  influence  of  drugs 
and  other  remedial  agents. 

TREATMENT   BY  DRUGS 

Since  in  peptone  intoxication  the  blood-pressure  tends  to  rise  spon- 
taneously after  ten  to  fifteen  minutes,  even  when  large  doses  are  given, 
the  attempts  to  overcome  the  effects  of  peptone  by  therapeutic  measures 
have  been  confined  to  the  period  when  spontaneous  recovery  was  not  to 
be  expected.  We  have  assumed  that  if  wdthin  a  period  of  five  minutes 
after  the  production  of  peptone  intoxication  the  blood-pressure  could  be 
raised  and  sustained  at  the  normal  level  throughout  the  usual  period  of 


15.  Anastomosis  of  a  carotid  of  the  donor  to  the  central  end  of  a  carotid  of  the 
recipient  allo\YS,  on  account  of  the  low  pressure  in  the  latter,  the  direct  passage 
of  blood  not  only  to  the  brain  of  the  recipient  throuoh  the  other  carotid,  but 
also  to  the  coronary  arteries,  thus  directly  supplying  the  capillaries  of  the  heart 
muscle. 

16.  Crile,  G.,  and  Dolley,  D.  IT. :  On  the  Effect  of  Complete  Anemia  of  the  Cen- 
tral Nervous  System  in  Dogs  Resuscitated  After  Relative  Death,  Jour.  Exper. 
Med.,  1908,  x,  782. 
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peptone  action,  a  satisfactory  line  of  treatment  for  tliis  and  analogous 
clinical  conditions  would  bo  indicated. 

With  til  is  end  in  view  we  have  employed  normal  saline  solution,  adrc- 
jialin,  cailcin,  digitoxin  and  strophanthin.  These  were  administered 
through  a  cannula  in  the  saphenous  vein,  with  due  regard  to  the  tem- 
perature of  the  solutions  and  the  rate  of  injection. 

It  has  been  found  that  saline  solution  has  its  usual  effect,  propor- 
tionate to  the  amount  injected,  of  mechanically  raising  the  pressure 
which,  however,  is  not  well  sustained  owing  to  the  rapid  passage  of  the 
fluid  into  the  tissues.  The  administration  of  cardiac  stimulants  simul- 
taneously while  causing  increased  heart  action  in  the  usual  degree  and  a 
still  further  rise  in  pressure,  do  not  suffice  to  offset  the  loss  of  the 
mechanical  effect  of  the  saline. 

Adrenalin  in  therapeutic  doses  in  normal  saline  solution  causes  the 
most  satisfactory  rise  in  the  blood-pressure  and,  with  it,  a  heart  action 
quite  comparable  to  that  obtained  before  the  administration  of  the  pep- 
tone. This  improvement,  however,  is  limited  by  the  duration  of  the 
adrenalin  action.  Again,  the  simultaneous  administration  of  cardiac 
stimulants  causes  a  further  rise  and  a  more  prolonged  effect,  but,  as  the 
constrictor  effect  of  the  adrenalin  wears  off,  the  blood-pressure  again 
returns  to  a  low  level.  During  the  maximal  peptone  action  the  rise  of 
blood-pressure  following  adrenalin  administration  is  small  and  transient 
even  on  a  percentage  basis.  But  if  such  administration  is  made  late  in 
the  peptone  action  when  the  vasomotor  endings  are  recovering  and  the 
condition  of  the  medullary  centers  is  likewise  improving,  even  though 
the  pressure  is  still  low%  the  rise  is  proportionately  greater,  and  subse- 
quently the  general  pressure  is  sustained  at  a  normal  level. 

The  response  to  cardiac  stimulation,  in  so  far  as  the  heart  itself  is 
concerned,  is  quite  as  active  and  as  well  within  the  normal  limits  as 
before  the  administration  of  peptone,  but  owing  to  the  peripheral  dila- 
tation and  the  diminished  volume  of  blood  reaching  the  heart,  the  slight 
improvement  in  the  general  blood-pressure  which  ensues  is  quite  transient. 
The  heart  shows  the  effect  of  overaction  due  to  insufficient  blood-supply, 
its  contractions  weaken  and  the  blood-pressure  quickly  returns  to  or  below 
the  former  level.  If,  however,  as  with  adrenalin,  such  treatment  is  insti- 
tuted toward  the  end  of  the  peptone  action,  the  recovery  is  much  hastened 
and  the  heighteiled  blood-pressure,  due  to  the  increased  heart  action,  is 
well  sustained. 

While  we  are  unable  to  directly  neutralize  the  effect  of  the  peptone 
intoxication  or  to  activate  the  peripheral  vasomotor  mechanism,  and  are 
convinced  of  the  futility  of  attempting  to  combat  the  condition  by  cardiac 


14 

stimulants  alone,  the  results  obtained  by  the  employment  of  a  slow,  con- 
tinuous injection  of  adrenalin  in  salt  solution  (1-40,000),  administered 
intravenously,  with  the  addition  of  a  pure  cardiac  stimulant  such  as 
digitoxin,  thus  promoting  the  determination  of  blood  to  the  right  heart 
and  an  increased  circulation  in  the  brain,  lead  to  the  conclusion  that  a 
similar  line  of  treatment  is  indicated  in  those  clinical  emergencies  that 
present  an  analogous  circulatory  condition.  Such  treatment  is  not,  how- 
ever, specific  or  curative,  except  in  so  far  as  it  serves  to  tide  over  success- 
fully the  critical  period,  until  the  effects  of  the  toxic  agent  have  worn 
off  and  the  normal  functions  of  the  vasomotor  mechanism  are  resumed. 
This  has  been  satisfactorily  demonstrated  in  the  more  prolonged  condi- 
tion of  anaphylactic  shock  in  which,  as  during  the  early  stage  of  peptone 
intoxication,  adrenalin  has  a  minimal  effect,  and  in  which,  likewise, 
cardiac  stimulants  alone  are  unable  to  overcome  the  effects  of  the  paraly- 
sis of  the  vasomotor  nerve-endings.  On  the  other  hand,  a  combination 
of  the  peripheral  constrictor  effect  of  a  slow  continuous  injection  of 
adrenalin,  of  salt  solution  and  of  an  active  cardiac  stimulant,  brings  the 
circulation  within  the  normal  limits  long  before  spontaneous  recovery 
could  be  expected  to  occur,  and  maintains  it  at  this  level. 

SUMMARY 

Anaphylactic  shock  and  peptone  intoxication  are  characterized  by 
conditions  of  low  blood-pressure  very  similar  to  those  seen  in  shock  and 
collapse,  and,  as  they  are  produced  without  trauma  or  other  factors  usu- 
ally concerned  in  the  etiology  of  surgical  shock,  are  of  interest  in  the 
study  of  conditions  of  shock  occurring  in  medical  as  contrasted  with 
surgical  practice. 

Both  conditions  are  characterized  by  a  fall  in  blood-pressure  to  a  level 
of  20  to  30  mm.  Hg,  which  is  prolonged  in  anaphylactic  shock,  but  tendf 
to  relatively  rapid  recovery  in  peptone  intoxication.  In  both  conditions 
there  is  an  extreme  congestion  of  the  large  venous  trunks  of  the  splanch- 
nic area  with  a  coincident  medullary  anemia.  The  respiration  is  not 
altered  except  in  as  far  as  it  is  affected  by  the  anemia  of  the  medullary 
centers;  the  heart  shows  no  initial  changes,  the  low  pulse  pressure  being 
due  apparently  to  the  small  amount  of  blood  passing  through  it. 

Physiological  studies  having  for  their  object  the  determination  of  the 
mechanism  by  which  the  low  pressure  is  caused,  demonstrate  that  the 
condition  is  essentially  a  peripheral  vasomotor  paralysis.  Pharmacolog- 
ical studies  indicate  that  the  effect  is  on  the  nerve-endings  rather  than 
on  the  muscle. 
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Willi  independent  cerebral  transfusion  the  recovery  from  low  pressure 
is  more  r;i])id  llian  in  tlio  intact  animal.  This  is  true  also  when  an  animal 
is  transfused  hv  carotid  anastomosis,  and  i-ccoverv  is  especially  satisfac- 
tory when  (he  (lansfusion  is  accompanied  hy  simultaneous  bleeding  from 
the  femoral  vein. 

'I'lie  indications  i'ov  ireatnieni,  iliei'efore,  appear  to  bo  (1)  i-cli(jf  of 
splamlinic  congestion  and  (2)  increase  of  volume  of  blood  to  the  heart 
and  medulla.  Cardiac  stimulants  alone,  or  salt  solution  or  adrenalin 
alone,  cannot  bring  about  a  ])crmanent  improvement.  A  combination, 
however,  of  the  slow  injection  of  adrenalin  in  salt  solution  (1  to  -10/)r)f)) 
intravenously  with  the  addition  of  a  pure  cardiac  stimulant,  as  digi- 
toxin,  leads  to  relatively  rapid  and  permanent  improvement,  by  promot- 
ing a  determination  of  the  ])loo(l  to  the  right  heart  and  increasing  the 
circulation  in  the  brain. 

Tlie  results  of  the  experimental  treatment  of  this  condition,  which, 
for  want  of  a  better  name,  may  be  called  toxic  shock,  are  not  essentially 
different  from  those  in  traumatic  shock. 
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In  our  si'M'iitli  note'  on  (.'.xperiiiu'utal  ])()lioJn_\elilis 
we  1  rented  of  some  of  the  pheiioiuena  of  active  immun- 
i/alion  and  passive  serniii  protection  in  i-cspect  to  epi- 
demic poliomyelitis,  and  in  this  connection  we  wisli  to 
record  some  additional  ohservations  oi*  the  same  general 
imi)ort.  It  can  now  he  accepted  as  established  that 
human  beings  and  monkeys  who  have  passed  through  an 
attack  ol'  poliomyelitis  have  come  to  contain  in  their 
hlood  certain  neutralizing  principles  for  the  virus  of 
l)olioiuvelitis :  that  these  pi'inci])les  are  readily  dcmoii- 
strahle  by  anijual  tests  for  two  or  more  years  in  human 
beings,  and  that  they  probably  ])ersist  for  as  great  a 
l)eriod  in  inonkeys.  It  has,  moreover,  been  shown  that 
monkeys  which  have  recovered  from  an  attack  of  poli- 
omyelitis are  liighlv  i-efractory  to  rcinocnlation  with  the 
virus  of  poliomyelitis,  and  it  is  probable  that  the  recov- 
ered human  beings  are  similarly  protected  from  rein- 
fection. ]n  ])oth  instances  the  attack  has  conferi'cd  a 
strong  active  immunity.  But  to  have  had  and  to  have 
]-ecovered  from  poliomyelitis  is  not  the  sole  way  in  which 
an  active  immunity  can  be  achieved,  since  it  has  been 
])roved  possible  to  immune  monkeys  actively  by  inject- 
ing into  the  subcutaneous  tissue  either  the  virus  of  full 
strenoth  or  one  modified  bv  chemical  agents  (for  \\\- 
stance,  glycerin). 

ARTIFICIAL  ACTIVE  IMMUNIZATION 

This  mode  of  producing  active  imnnniity  has  not  up 
to  the  present  time  been  developed  into  a  uniformlv  sur- 
cessful  and  safe  method,  since  of  the  treated  animals 
some  do  not  develop  a  strong  immunity  and  others 
develop  paralysis  as  a  result  of  the  treatment. 

•  From  tlio  Laboratories  ol*  tlie  Kockefonor  Institute  for  Medical 
IJescarrh. 

1.  The  provious  articles  have  appeared  in  TiiK  Jochnai.  A.  >L  A.. 
Nov.  13,  1009.  p.  (WW)  :  Dec.  4.  UK)!),  p.  19i;{  ;  Dec.  IS.  1000,  p.  200.'.  ; 
.Ian.  1.  1910.  p.  4.J :  April  2.  I'.Od.  p.  1140:  May  2S.  1010.  p.  1 7H() : 
and  .Tour.  Kxper.  Med.,  xii.   227. 
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Tlie  test  (jl*  tliis  activL'  immunity  thus  far  published 
lonsisted  of  the  ability  to  resist  a  large  intracerebral 
injection  of  the  filtrate  that  in  far  smaller  fjuantities 
pnuluies  paralysis  in  the  control  animals.  The  active 
immunity  has  been  secured  either  from  a  single  large 
siiln  iitaneous  injection  of  the  crude  or  modified  virus  as 
rei>i('sented  by  emulsions  of  the  spinal  cord  taken  from 
recently  paralyzed  uionkevs,  or  by  repeated  injections  of 
i^radually  increased  amounts  <»('  tlie  crude  virus. 

SEUU!^[  XKU'riiAi.izATiox  OF  iiu:  villi's 

It  has  Ijeen  shown  tliat  the  blood-serum  of  human 
beings  and  monkeys  that  have  recovered  from  an  attack 
of  poliomyelitis  contains  neutralizing  principles  foi-  the 
virus  of  the  disease,  which  principles  are  absent  from 
normal  serum.  Moreover,  it  is  safe  to  assume  that  these 
neutralizing  substances  are  the  indication  and  cause  of 
the  active  imnumity  Avhich  is  responsible  for  the  refrac- 
tory state  of  the  animals  to  reinfection.  Hence  there 
should  exist  in  the  serum  of  the  directly  actively  im- 
munized animals,  which  have  not  been  made  to  pass 
through  an  attack  of  poliomyelitis,  similar  neutralizing 
principles.  When  an  active  filtrate  containing  virus  is 
mixed  with  the  serum  of  actively  immunized  monkeys 
and  incul)ated  for  a  ])eriod  at  37  C.  it  no  longer  sets  up 
paralysis  on  l)eing  injected  into  the  brain  of  normal 
monkeys. 

Tn  the  ])revious  neutralization  experiments  with 
monkey  serum  reported,  tlie  serum  had  been  taken  from 
animals  in  which,  after  recovery,  reinforcement  of  the 
immunity  had  been  attempted  either  purposely  by  sub- 
sequent injections  of  considerable  quantities  of  active 
virus  or  had  been  circumstantially  produced  in  the 
course- of  tests  made  to  determine  the  existence  of  im- 
munity to  reinfection.  We  have  since  ascertained  that 
without  reinforcement  the  sernm  of  monkeys  that  have 
i-ecovered  from  tlie  i)aralysis  contains  readily  appreciable 
(]iiantities  of  this  principle.  This  experiment  has  estab- 
lished the  fact  that  monkeys  react  precisely  as  human 
beings  do  in  respect  to  the  disease,  since  their  serum  as 
such  after  recovery  possesses  marked  neutralizing  power 
for  the  virus  in  vitro;  and  it  indicates  that  the  test 
would  probably  disclose  the  fact  of  an  aty]ncal  attack 
of  poliomyelitis  such  as  is  embraced  in  the  so-called 
abortive  type  of  the  affection.- 

2.  Netter  and  Levaditi  have  indeed  determined  that  the  blood  of 
;i  patient  who  had  suffered  an  abortive  attack  of  poliomyelitis  con- 
tained the  neutralizing  principle. 


i:\  n  i;i  M  i;\'iAL  si;i;r,\i   'in  l:l;.\l'^    wiiii    monkkv  si;i;um 

In  lli(^  sovnilh  iioic  \\(i  poiiilcd  out  lliat,  tlio  seriiin 
(kM-iv(Ml  froin  imiiniiu^  monkeys  thai  had  passed  tlii'oiiirl) 
an  attack  of  poliomyelitis  possessed  therapeutic  pro])- 
ei'ties  for  Ihe  e.\])eri mental  disease.  It  was  stated  that 
if  the  quantity  of  vinis  injected  into  the  brain  was  not 
in  excess  of  a  given  dose  the  development  of  paralysis 
could,  in  some  cases,  he  prevented  hy  nudging  several 
injections  of  the  sei'um,  hy  lumbar  puncture,  into  tbe 
subarachnoid  space,  and  tliat  infection  by  way  of  the 
nasal  mucosa  could  also  and  with  greater  certainty  be 
prevented  by  the  serum  injections.  We  have  also 
ascertained  that  the  serum  of  directly  immunized 
monk(ys  possesses  similar  therapeutic  properties. 

i:.\ri:i;  I  MENTAL    SEKU.AI     TIIKh-AI'V     WITH     irUMAN    SERUM 

That  human  serum  derived  from  children  who  have 
passed  through  an  attack  of  poliomyelitis  possesses  neu- 
tralizing power  for  the  virus  of  poliomyelitis  has  been 
stated  already ;  it  can  now  be  stated  that  it  possesses 
therapeutic  value  also.  When  the  subarachnoid  injec- 
tions are  begun  twenty-four  hours  after  the  intracerebral 
inoculation  of  the  virus,  the  development  of  paralysis 
can  be  entirely  prevented  in  a  certain  number  of  the 
animals.  Mdiile  in  another  numl^er  the  onset  of  paralysis 
is  much  delayed. 

The  period  of  inculcation  in  the  control  animals 
]"anged  from  seven  to  eleven  days  and  in  some  of  the 
treated  animals  that  finally  became  paralyzed  it  was  as 
great  as  twenty-six  and  twenty-seven  days.  The  serum 
injection  begun  twenty-four  hours  after  the  inoculation, 
was  carried  out  on  three  successive  days,  after  which  an 
interval  of  three  days  was  allowed  to  pass,  when  three 
more  daily  injections  were  given.  It  seems  probable 
that  had  the  injections  been  resumed  after  another 
interval  of  rest  the  last  vestige  of  the  virus  in  the  tissues 
would  have  beeu  destroyed. 

XEUTRALTZKl)   VIRUS    PRODUCES    NO    IMMUNITY 

We  have  seen  that  actively  immunized  monkeys,  the 
result  of  obvious  disease  and  jiaralysis,  or  the  product 
of  gradual  or  abrupt  accommodation  to  the  virus,  not 
only  yield  a  serum  that  contains  neutralizing  properties 
for  the  virus,  but  are  th.emselves  highly  refractory  to 
reinfection  with  a  highly  potent  virus.  The  fact  has 
been  repeatedly  observed  that  failure  to  develop  ]iaraly- 
sis  after  an  intracerebral  inoculation  of  an  active  virus 


clues  not  k'uJ  to  any  increasi'  in  lesistam-e  ol'  the 
moukeys  to  siibsetjiii'iit  infection  by  tlie  same  route.  The 
aninnils  which  hixw  once  withstood  an  inoculation  re- 
spond on  anothc'i"  txcasion  as  I'eadily  as  the  control 
animals,  Xo  exphiiiatioii  lor  this  diserepaiuy  has  been 
found. 

it  is  of  interest,  therefore,  to  leaiii  that  monkeys 
whieh  have  been  j)roteeted  from  i)aralysis  through  the 
employment  ol*  mixtures  ol'  \irus  and  iiiiiiiiine  serums, 
or  as  result  ol'  treatment  by  subaraehnoid  injections  of.* 
immune  serums,  do  not  exhibit  any  uintsiuil  degree  of 
resistance  to  subsequent  intracerebral  injections  of  active 
virus  made  at  periods  of  several  weeks  to  four  or  five 
months  after  the  condition  of  the  original  experiments. 
Three  important  points  are  develojied  by  this  fact:  that 
neutralized  mixtures  ol*  virus  and  immune  serum  do 
not  lead  to  any  degree  of  active  immunization;  that  the 
therapeutic  action  ol'  the  serum  is  associated  with  re- 
straint of  multiplication  of  the  virus  such  as  would  be 
rec]uired  to  establish  any  grade  of  active  immunity;  and 
that  a  sim]ile  ])assive  immunity  is  either  not  produced 
by  the  serum  injections,  or  is  of  brief  duration  or  small 
amount. 

AlM'll'tl  lAL    l.M.AtLXK  SllKf.^t 

We  have  continued  our  -".ll'orts  to  i)roduce  an  immune 
serum  in  some  of  the  lower  animals  that  might  possibly 
become  the  source  of  a  therapeutic  serum.  This  work  is 
being  actively  pursued  at  present,  but  we  wish  to  report 
on  an  indication  in  the  direction  of  our  search.  It  has 
been  found  that  normal  sheep  serum  ])ossesses  a  definite 
although  slight  neutralizing  power  foi-  the  fdtered  virus, 
and  that  the  injection  of  emulsions  of  the  spinal  cord 
and  brain  of  recently  paralyzed  monkeys  into  the  sheep 
augments  this  property  of  neutralization. 

The  serum  treatment  of  poliomyelitis  is  at  present  in 
the  experimental  state,  and  how  soon,  or  whether  ever  at 
all,  it  will  he  applicable  to  the  spontaiu^ous  disease  in 
human  beings  cannot  be  predicted. 
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The  investigation  here  presented  was  incidental  to  a  study  of  the 
treatment  of  various  experimental  conditions  of  low  blood  pressure/ 
one  of  which  was  that  associated  with  anaphylaxis  in  the  dog.  As  a 
knowledge  of  the  mechanism  of  the  various  forms  of  low  pressure  was 
essential  to  treatment,  extensive  physiological  studies  were  made, 
and  as  the  results  of  the  study  of  anaphylactic  shock  are  striking 
and  have  a  very  definite  bearing  on  the  problems  of  anaphylaxis  in 
general,  they  are,  therefore,  made  the  subject  of  this  communication. 

Physiological  and  pharmacological  studies  of  anaphylaxis  are  few 
in  number  and  with  the  exception  of  the  work  of  Arthus  on  the  rabbit 
and  Biedl  and  Kraus  on  the  dog  are  limited  to  the  guinea-pig.  The 
general  opinion^  has  been  that  the  underlying  cause  is  a  change  in  the 
cells  of  the  central  nervous  system  and  this  view  has  had  some  support 
from  the  observations  of  Besredka,  who  found  that  the  clinical  mani- 
festations of  anaphylaxis  could  be  lessened  by  ether  anesthesia,  and 
of  Banzhaf  and  Famulener,  who  found  a  hypnotic  dose  of  chloral 
hydrate  would  prevent  symptoms  in  sensitized  animals.  The  obser- 
vations of  these  writers  are,  however,  somewhat  contradictory,  and 
Rosenau  and  Anderson  state  that  altho  ether  anesthesia  may  mask  the 
symptoms,  it  does  not  prevent  death. 

Attempts  to  demonstrate  specific  anatomical  lesions  have  been 
most  unsatisfactory.     Gay  and  Southard  state  that   "we  have  to 

*  Received  for  publication  April  25,  1910. 

t  Aided  by  a  grant  from  the  Rockefeller  Institute  for  Medical  Research. 

'  R.  M.  Pearce  and  A.  B.  Eisenbrey,  "A  Study  of  Experimental  Conditions  of  Low  Blood  Pressure 
of  Non-Traumatic  Origin,"  Archives  of  Internal  Medicine,  1910  (in  press). 

'  For  the  general  literature  of  anaphylaxis,  see  the  recent  excellent  summary  by  J.  F.  Anderson  and 
M.  J.  Rosenau,  Archives  of  Internal  Medicine,  1909,  3,  p.  519. 
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deal  with  an  intimate  cell  reaction,  demonstrable  by  definite  cell 
lesions."  They  describe  hemorrhages  in  the  gastric  mucosa  and  fatty 
changes  in  voluntary  muscle,  heart  muscle,  and  nerve  fibres.  These 
observations  have  been  confirmed  in  detail  by  Tscharnotzky.^  The 
respiratory  disturbance  has  been  especially  studied,  first  by  Gay  and 
Southard  and  lately  by  Auer  and  Lewis.  The  former  consider  the 
cause  of  death  to  be  respiratory;  respiration  ceases  in  the  inspiratory 
phase  with  gross  and  microscopic  evidence  of  emphysema.  A 
striking  feature  is  severe  diaphragmatic  spasms.  Rosenau  and  Ander- 
son state,  in  view  of  the  persistence  of  the  heart  beat  after  failure  of 
respiration,  that  death  is  due  to  an  effect  on  the  nervous  control  of 
respiration.  Auer  and  Lewis^  conclude  that  anaphylactic  death  is 
due  to  asphyxia  produced  apparently  by  a  tetanic  contraction  of  the 
smooth  muscle  of  the  bronchioles.  This  contraction  gradually 
occludes  the  lumen  of  the  bronchioles  and  finally  no  air  enters  or 
leaves  the  lung,  and  in  spite  of  evident  respiratory  eft'orts,  the  animal 
is  strangulated.  The  lungs  are  distended  in  an  inspiratory  position 
and  do  not  collapse  when  the  chest  is  opened.  The  condition  is 
due  to  a  peripheral  action,  for  destruction  of  spinal  cord  and  medulla 
in  no  way  aft'ects  the  occurrence  of  the  condition  of  the  lung.  Auer 
and  Lewis  do  not  care  to  give  an  opinion  as  to  whether  the  toxic  dose 
exerts  its  effect  on  the  bronchial  muscles  alone  or  upon  the  vagus 
motor  endings,  or  both.  They  also  describe  an  initial  rise  in  blood 
pressure,  with  later  a  gradual  drop  to  10  to  20  mm.  of  mercury  or 
less,  within  10  minutes.  Heart  block,  probably  due  to  asphyxia,  also 
develops.  Auer  and  Lewis  also  make  the  interesting  observation 
that  the  administration  of  atropin,  which  paralyzes  the  bronchial 
muscles,  causes  a  relaxation  of  the  rigid  anaphylactic  lung,  and  that 
if  atropin  is  given  before  the  toxic  dose  of  horse  serum  the  pulmonary 
symptoms  may  be  greatly  reduced  or  prevented  entirely.  Anderson 
and  Schultz^  confirm  most  of  these  observations,  but  find  that  the 
administration  of  chloral  hydrate,  urethrane,  adrenalin,  and  pure 
oxygen  also  may  prevent  the  death  from  asphyxia.  When  life  is 
thus  prolonged,  death  results  from  the  condition  of  low  blood  pres- 
sure. 

'  "Travail  de  I'lnstitut  Bact.  de  Moscow,  1909,"  Ref.  Bull,  de  Vlnslitut  Pasteur,  1909,  7,  p.  591. 
»  Jour.  Atner,  Med.  Assoc,  1909.  53,  p.  458;  also  Jour.  Exper.  Med.,  1910,  12,  p.  151. 
3  Proc.  Soc.  Exper.  Biol,  and  Med.,  1909    7,  p.  32. 
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Arthiis/  who  has  worked  with  the  rabbit,  describes  a  very  striking 
fall  in  blood  pressure  with  ])()lyi)nea,  involuntary  evacuation  of  feces 
and  suppression  of  urine. 

Anaphykixis  in  the  dog  has  not  been  extensively  studied.  This  is 
possibly  due  to  the  negative  results  of  Remlinger,  and  in  part  also  to 
the  fact  that  the  phenomena  in  the  dog  differ  in  some  respects  from 
those  in  the  guinea-pig.  The  chief  differences  are  (i)  the  absence 
in  the  dog  of  the  respiratory  disturbance  so  characteristic  in  the 
guinea-pig  and  (2)  the  occurrence  in  the  former  animal  of  a  fall  in 
blood  pressure  which  is  more  striking  than  that  in  the  guinea-pig. 
The  fall  in  blood  pressure  in  the  dog  is  considered  by  Biedl  and  Kraus^ 
who  first  described  it,  to  be  the  essential  phenomenon  of  anaphylactic 
shock  and  to  be  due  to  a  primary  peripheral  vaso-dilatation.  These 
conclusions  we  have  confirmed  in  an  earlier  communication.^ 

That  the  phenomena  following  an  injection  of  horse  serum  into 
dogs  previously  sensitized  with  the  same  serum  are  to  be  considered 
as  manifestations  of  anaphylaxis  is  show^n  by  the  following  observa- 
tions : 

1.  The  intravenous  injection  of  horse  serum  into  a  normal  dog 
produces  no  clinical  symptoms  and  T\p  change  in  blood  pressure. 

2.  An  intravenous  injection  into  a  conscious  animal  ithree  weeks 
after  a  subcutaneous  injection  of  the  same  serum  produces  the  fol- 
lowing   clinical    manifestations: 

Dog  50,  weighing  4,680  gm.,  received  5  c.c.  of  normal  horse  serum  subcutaneously 
on  February  26.  Twenty-three  days  later  (March  21)  5  c.c.  of  the  same  serum  were 
injected  slowly  into  a  superficial  vein  of  the  left  hind  leg  under  local  anesthesia.  Before 
the  entire  amount  was  injected,  the  animal  became  restless,  and  made  retching  move- 
ments. This  was  followed  within  two  minutes  by  vomiting  and  involuntary  evacuation 
of  feces  and  urine.  During  this  period,  the  animal  when  placed  on  the  floor  took  a 
few  steps,  slowly  and  with  a  peculiar  stiff-legged  gait.  At  the  end  of  three  minutes  it 
fell  to  the  floor  slowly  and  lay  on  its  side  with  head  prone.  Retching  movements  con- 
tinued. Respiration  was  somewhat  deep  and  labored  and  28  per  minute  as  compared 
with  36  per  minute  before  injection,  no  dyspnea;  the  pulse  in  the  femoral  artery  could 
not  be  felt;  superficial  reflexes  normal.  Vomiting  and  involuntary  defecation  and 
micturition  continued  more  or  less  intermittently  for  seven  minutes  after  injection.  The 
animal  when  placed  upright  could  not  stand,  but  this  appeared  to  be  due  to  muscular 
weakness  rather  than  to  paralysis;  was  indifferent  to  surroundings  but  entirely  conscious. 
At  the  end  of  22  minutes  the  pulse  was  palpable  in  the  femoral;  the  animal  could  stand 

'  Arch.  Internal,  d.  Pkys.,  1909,  7,  p.  471. 

'  Wiener  klin.  Wchnsclir.,  1909,  22,  p.  363.  • 

3  R.  M.  Pearce  and  A.  B.  Eisenbrey,  Proc.  Soc.  Exper.  Biol,  and  Med.,  1909,  7,  p.  30. 
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alone  but  preferred  to  lie  clown;  though  10  minutes  later  it  g«jt  up  an  walked  aroujid 
but  was  still  weak.  This  degree  of  recovery  occurred  about  half  an  h<jur  after  injecticjn, 
and  after  the  lapse  of  an  hour  the  respirations  were  28  [jer  minute,  the  pulse  rea<lily 
palpable,  the  animal  was  weak  but  had  power  of  locomotion,  slight  diarrhea  was  pres- 
ent, and  the  dog  refused  food.  On  the  following  nKjrning  he  was  found  dead,  a  period 
of  less  than  15  hours  having  elapsed  since  injection.  The  cage  showed  evidence  of 
profuse  bloody  diarrhea. 

Autopsy:  No  excess  of  tlu'd  was  found  in  the  peritoneal  and  pleural  cavities,  the 
serous  surfaces  were  smooth.  The  bladder  contained  a  small  amount  of  clear  yellow 
urine.  The  intestines  appeared  somewhat  dark  in  color  and  the  lower  15  cm.  of  the 
rectum  showed  numerous  pin  head  petechial  spots  beneath  the  peritoneum;  larger 
ecchymotic  areas  occurred  beneath  the  serosa  of  the  gall  bladder.  Spleen,  liver,  and 
kidneys  appeared  normal.  In  the  greater  curvature  t)f  the  stomach  the  mucosa  over 
two  areas  of  about  1.5  cm.  in  diameter  was  intensely  hemorrhagic  and  swollen  and 
some  superficial  erosion  of  the  epithelium  was  evident.  In  the  region  of  the  pylorus 
lK)th  the  stomach  and  duodenum  were  normal,  i)ut  about  2  cm.  below  the  pylorus  and  for 
a  distance  of  27  cm.  along  the  small  intestine,  the  mucosa  was  greatly  swollen  and  hemor- 
rhagic. Below  this  area  the  Peyer's  patches  were  elevated  and  dark  colored,  but 
hemorrhages  were  absent.  A  few  centimeters  below  the  ileocaecal  valve  the  colon 
was  intensely  hemorrhagic  with  considerable  erosion  of  epithelium.  The  mucosa  of 
the  gall  bladder  was  smooth  and  showed  no  hemorrhage.  Heart  and  lungs  appeared 
normal;  the  latter  collapsed  on  opening  the  thorax  and  presented  some  hypostatic 
congestion  in  dependent  parts.     The  brain  showed  no  macroscopic  lesions. 

3.  In  animals  under  complete  ether  anesthesia  the  objective 
manifestations  of  anaphylactic  shock  are  absent;'  in  all  such,  how- 
ever, an  immediate  and  prolonged  fall  in  blood  pressure  which  per- 
sists for  a  considerable  time  occurs.  This  has  been  seen  in  40  of  42 
animals;  in  two  dogs  with  pneumonia  (distemper)  it  failed  to  occur. 
The  lowered  pressure  is  unaccompanied  by  noteworthy  respiratory 
or  cardiac  disturbance. 

4.  After  anaphylactic  shock  has  been  produced  in  a  sensitized 
animal  and  the  animal  has  recovered  from  the  acute  manifestations, 
subsequent  injections  fail  to  cause  a  reaction  evident  either  by  clinical 
symptoms  or  by  change  in  the  blood  pressure. 

These  results,  which  are  in  accord  with  those  of  Biedl  and  Kraus, 
indicate  that  the  principles  underlying  anaphylaxis  in  the  dog  are 
the  same  as  those  for  anaphylaxis  in  the  guinea-pig. 

We  have  regarded  the  fall  in  blood  pressure  as  the  constant  and 
most  characteristic  phenomenon  of  anaphylactic  shock  in  the  dog, 
and  have  based  our  conclusions  concerning  the  physiology  of  anaphy- 
laxis on  its  presence  or  absence  under  various  experimental  conditions. 

»  Vomiting,  involuntary  defecation  and  passage  of  urine,  have  been  ob.served  once  in  an  animal 
anesthetized  by  GrAant's  method. 
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Tlu'  lirsl  cxpcrimcnls  had  for  ihcir  ohjcct  the  (Iclcrminalion  as  to 
wlu'lluM-  llu-  condition  ol  low  hlood  pressure  was  due  to  changes  in 
the  hlood  caused  1)\-  the  injection  of  the  toxic  dose  or  to  changes  in 
the  lixt  cells.  It  has  been  generally  assumed  in  all  recent,  investiga- 
tions with  the  guinea  i)ig  that  the  latter  explanation  is  the  correct 
one,  but  as  far  as  we  are  aware  this  has  ne\er  been  determined  by 
transfusion  experiments  such  as  we  employed.  r\irthermore, 
Hiedl  and  Kraus  show  that  not  only  is  there  a  change  in  the  numerical 
relation  of  the  two  ty])es  of  cells  of  the  blood  one  to  another,  but  also, 
and  this  we  ha\e  conlirmed,  that  a  decreased  coagubility  of  the  blood 
occurs,  it  seemed  important,  therefore,  to  rule  out  at  once  the  inllu- 
ence  of  ])ossible  ])rimary  or  secondary  toxic  bodies  formed  in  the 
circulating  blood  by  the  union  of  the  bodies  in  the  toxic  dose  of  serum 
with  those  bodies  which  might  be  formed  in  the  blood  of  the  animal 
by   the   first   injection. 

Our  procedure  has  been  to  exsanguinate,  under  ether  anesthesia, 
a  small  normal  dog  (A)  and  to  transfuse  this  animal  by  Crile's  method 
with  the  blood  of  a  larger  sensitized  dog  (B)  until  the  blood  pressure 
reached  approximately  its  original  level.  After  sufficient  blood  has 
been  obtained  from  B  to  raise  the  pressure  of  A,  the  sensitized  dog 
is  then  bled  to  exsanguination  and  transfused  from  a  third  normal 
dog  (C)  until  its  pressure  reaches  its  previous  normal  level.  At 
the  proper  moment,  the  normal  dog  containing  the  blood  of  the  sensi- 
tized dog,  and  the  latter  containing  the  blood  of  the  normal  dog,  each 
receives  intravenously  the  toxic  dose  of  horse  serum.  In  the  former, 
a  fall  in  pressure  does  not  occur  and  in  the  latter  it  does,  thus  proving 
that  the  phenomenon  of  anaphylaxis  is  due  to  a  reaction  in  the  fixt 
cells  and  not  either  primarily  or  secondarily  to  changes  in  the  blood. 
This  result  is  in  accord  with  the  contention  of  Gay  and  Southard  and 
of  Friedberger  that  the  reaction  of  intoxication  in  the  guinea-pig 
is  located  within  the  body  cells  and  is  opposed  to  the  theory  of  '*  anti- 
bodies."^ 

The  following  protocol,  presented  briefly,  is  illustrative: 

Dog  A,  wc'iglit  6,260  gm.,  other  anestlicsia,  cannula  in  femoral  artery,  connected 
with  mercury  manometer  and  recording  on  a  kymograj)!"!.  Original  pressure  92  mm. 
Bled    from    the  carotid  artery  until  no  more  blood  llowed,  the  jiressure  dropping  to 

'  Compare  with  views  of  Friedberger,  Zlschr,  f.  Immunitatsforsch.  u.  exper.  Therap.,  1009,  2,  p.  208; 
lyoQ,  3,  p.  581;    1910,  4,  p.  C12,  and  Friedemann,  ibid.,  1909,  2,  p.  591. 
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10  iiirii.  Hg.  Transfused  from  B  for  17  minutes  by  ( arotid  anastomosis,  until  pres- 
sure reacheti  original  level,  when  5  c.i .  of  normal  horse  serum  were  injected  int<i  the 
femoral  vein.     No  change  in  pressure  except  slight  mechanic  al  rise. 

Dog  B  (No.  17),  weight  8,020  gm.  flad  received  5  c.c.  horse  serum  suhcutane- 
ously  25  days  before.  Ether  anesthesia.  Arrangement  of  cannula  as  in  A.  (Original 
blood  pressure  90  mm.  After  transfusion  sutlicient  to  raise  pressure  of  A,  animal  B 
was  bletl  for  i6  minutes  until  ilow  ceased,  when  blood  pressure  was  at  a  level  of  14  mm. 
Transfusion  from  dog  C  was  then  begun  and  continued  for  24  minutes  when  permanent 
level  e^ual  to  [)revious  normal  level  was  obtained.  At  this  time  5  c.c.  horse  serum  were 
injected  into  the  femoral  vein  with  an  immediate  fall  in  jjressure  to  24  mm  Hg. 

Dog  C,  normal  ilog,  weighing  9,100  gm.,  prepared  as  were  A  and  B,  and  used  for 
transfusion  of  B. 

Having  thus  determined  that  the  reaction  was  evidently  due  to  an 
etTect  on  the  fixt  cells  of  the  body  and  presumably  on  those  of  the 
vasomotor  system,  the  question  of  the  general  distribution  of  the 
blood  in  anaphylactic  shock  was  studied  as  a  preliminary  to  the 
study  of  peripheral  and  central  influence.  For  this  purj)ose,  experi- 
ments were  made  under  the  following  conditions: 

All  animals  were  under  full  ether  anesthesia.  The  blood  pressure 
was  taken  from  the  left  femoral  artery  with  a  mercury  manometer. 
Injections  were  made  into  the  right  saphenous  vein.  The  changes 
in  blood  distribution  were  determined  by  oncometric  studies  by  means 
of  guttapercha  capsules  applied  to  spleen,  kidney,  and  intestine,  by  a 
cannula  introduced  into  the  right  common  iliac  vein  and  projecting 
into  the  inferior  vena  cava,  by  plethysmographic  study  of  a  fore- 
limb  and  by  a  metal  cylinder  penetrating  into  the  cranial  cavity. 
Each  of  these  was  connected  by  rubber  tubing  with  a  bellows  recorder 
allowing  simultaneous  records  on  a  revolving  drum.  It  was  thus 
possible  in  a  single  experiment  to  obtain  simultaneously,  as  was  fre- 
quently done,  records  of  volumetric  changes  in  the  femoral  artery, 
ihac  vein,  kidney,  spleen,  and  intestine,  with  also  a  record  of  the 
respiration,  or  any  combination  of  these  with  a  record  of  variation  in 
a  limb  or  in  intracranial  pressure. 

The  temperature  of  the  animal  was  maintained  by  the  use  of  a 
hotwater  coil  encircling  the  greater  part  of  the  trunk  and  a  record 
of  changes  in  temperature  was  obtained  by  a  thermometer  in  the 
rectum.  Normal  horse  serum  was  used  in  doses  of  5  c.c,  subcu- 
taneously  for  sensitization,  and  the  physiological  experiment  was 
made  after  about  21  days.     The  dose  used  to  l)ring  about  anaphylac- 
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tic  "sliock,"  iisiialK'  5  c.c.,  has  \aric(l  from  2  to  6  c.c,  altho  it  must 
l)c  admitted  that  no  attempt  has  heen  made  to  determine  the  minimal 
toxic  dosi'.      Il  has  always  heen  <^i\('n  intra \enously. 

The  stiidx'  of  hlood  distribution  included  six  obscrxations.  The 
fall  in  artei-ial  pressure,  as  well  as  the  chanj^e  in  the  Nolume  of  the 
kidnev,  and  the  charac  ter  of  the  respiration,  are  shown  in  I''i<^.  i. 

Il  is  apparent  that  anaphylactic  shock  is  characterized  by  an  abrupt 
fall  of  blood  pressure  a\era<^in<^  50  to  70  mm.  Hg  which  is  inde- 
pendent of  initial  change  in  heart  action,  tho  during  the  continuance 
of  low  j)ressure  the  amplitude  of  the  pulse  wave  is  greatly  diminished, 
the  result  presumably  of  the  small  amount  of  blood  reaching  the  heart. 
Respiratory  disturbances,  excej)t  in  as  far  as  they  occur  as  a  result 
of  medullary  anemia  due  to  the  low  general  arterial  pressure,  are 
al^sent.  Oncometric  studies  show  a  decrease  in  the  volume  of  kidney, 
intestine,  and  spleen  simultaneously  with  the  decrease  in  arterial 
pressure.  Of  these  three  organs  the  decrease  is,  as  a  rule,  most 
marked  in  the  kidney  and  least  in  the  intestine.  A  very  slight  initial 
decrease  in  brain  volume  has  been  found  as  w^ell  as  a  shght  diminution 
in  the  volume  of  an  extremity.  This  decreased  peripheral  circulation 
is  accompanied  by  an  accumulation  of  blood  in  the  liver  and  large 
veins  of  the  abdomen.  This  has  been  determined  by  inspection  of 
the  liver  and  large  veins  and  by  the  observation  that  a  cannula 
introduced  into  the  inferior  \'ena  cava  and  connected  with  a  water 
manometer  shows  a  moderate  increase  of  pressure,  equal  to  6  to 
10  mm.  water,  at  the  time  of  the  fall  in  arterial  pressure,  with  an 
almost  immediate  return  to  normal  level  as  the  blood  becomes 
evenly  distributed  throughout  the  large  venous  trunks. 

It  is  evident,  therefore,  that  the  important  feature  of  the  condition 
of  low  pressure  here  described  is  a  lack  of  tone  of  the  vessels,  par- 
ticularly of  the  splanchnic  area,  characterized  by  extreme  venous 
congestion  from  which  the  animal  does  not  quickly  recover.  It  is 
essentially  the  condition  characterized  as  a  "bleeding  into  the  veins  of 
the  abdomen"  and  in  many  respects  is  analogous  to  the  circulatory 
disturbance   of   surgical   shock. 

The  next  step,  naturally,  was  to  determine  to  what  extent  this 
condition  was  due  to  peripheral  and  to  what  extent  to  central  vaso- 
moter   disturbances.     To    determine    the    influence    of    the    central 
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nicrhaiiisin,  c.xpi-i-imcnts  were  done  under  ether  anesthesiii,  in  which 
the  spinal  cord.  \a,^i,  cer\ical  synipiillielie  and  sj)lanchnic  nerxes  were 
severed.  None  of  these  procedures,  singly  or  collectively,  i)revenled 
the  fall  in  i)ressure,  thus  pointin*^  to  the  absence  or  slight  imjK)rtance 
of  central  inlluence.  Such  evidence,  tho  usually  eonsidered  conclusive 
by  physiolo<jjists,  we  preferred  not  to  aeeej)!  without  absolutely  exclud- 
ing the  inlluence  of  centers  in  the  cord  as  well  as  the  secondary  effect 
of  eerebro  medullary  anemia.  Three  grou])S  of  experiments  were 
therefore  ])erformed.  These  included  the  study  of  anaphylaxis  under 
the  following  conditions:  (i)  decapitation,  (2)  decapitation  and 
destruction  of  the  cord  with  blood  ])ressure  reinforced  by  transfusion, 
and  (3)  with  the  cerebral  circulation  independent  of  the  circulation 
of  the  body.  All  experiments  of  these  three  groups  were  done  under 
complete  ether  anesthesia  by  tracheal  cannula. 

1.  The  object  of  deca})itation^  was  naturally  to  eliminate  all 
cerebro-medullary  influence.  After  this  procedure,  it  was  found  that 
the  blood  pressure  falls  to  a  point  about  one-half  of  its  original  level 
and  remains  there  with  little  variation,  if  care  is  exercised  to  keep 
the  artificial  respiration  uniform  and  to  maintain  the  body  heat,  for 
a  period  covering  the  usual  duration  of  the  experiments.  With  the 
loss  of  vagus  influence  the  heart  rate  is  quickened  and  the  excursions 
of  the  pulse  wave  shortened.  The  respiratory  curve  in  the  blood 
pressure  tracing  is  well  marked.  With  these  conditions  prevailing 
the  toxic  dose  of  horse  serum  caused  a  fall  of  blood  pressure  to  the 
level  occuring  from  similar  doses  in  intact  animals.  The  onset  of 
the  fall  was  less  abrupt  and  the  low  level  was  reached  more  slowly. 
That  the  fall  could  occur,  however,  independently  of  cerebro-medul- 
lary influence  was  clearly  shown. 

2.  In  the  exper'ments  in  which  the  cord  was  mechanically  destroyed 
after  decapitation,  the  object  was  to  eliminate  all  except  local  vaso- 
motor influences.  After  destruction  of  the  cord  it  was  found  that  a 
further  dilatation  and  fall  in  blood  pressure  occurs  beyond  that  caused 
by  the  decapitation  and  that  death  rapidly  ensues.  This  is  appar- 
ently due  to  the  fact  that  with  the  additional  loss  of  the  spinal  con- 

'  Decapitation  may  be  performed  with  a  comparatively  negligible  amount  of  hemorrhage  and  there- 
fore with  but  slight  effect  on  the  circulation  of  the  trunk,  by  clamping  the  common  carotid  arteries  and  the 
internal  and  external  jugular  veins  simultaneously  low  in  the  neck,  having  first  ligated  the  vertebral  arteries 
at  the  ix)int  where  they  enter  their  canals  in  the  transverse  processes  of  the  cervical  vertebrae. 
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stridor  intluence  an  insufficient  volume  of  blood  reaches  the  heart. 
By  means  of  transfusion,  however,  it  was  possible  to  raise  the  blood 
pressure  and  maintain  the  circulation  at  a  jjoint  permitting  mano- 
metric  record  of  further  change  in  the  ]>ressure,  and  under  such 
circumstances  it  is  found  that  the  injection  of  horse  serum  into  a 
sensitized  dog  causes  a  definite  fall  in  pressure,  demonstrating  con- 
clusively that  the  essential  phenomenon  of  anaphylaxis  may  be  brought 
about  independently  of  the  cerebro-medullary  and  the  spinal  centers. 

3.  While  the  experiments  on  decapitated  animals  and  on  those 
with  spinal  cord  destroyed  and  with  vagi  and  cervical  sympathetic 
nerves  severed  have  shown  that  the  usual  effect  on  the  blood  pressure 
may  be  produced  independently  of  tl  i  central  action,  such  experi- 
ments have  not  of  course  shown  that  the  central  vasomotor  mechanism 
does  not  perhaps  play  some  part  in  the  symjjtom  com])lex  presented 
by  intact  animals. 

With  the  object  of  ascertaining  the  possibility  of  a  central  action 
in  anaphylaxis,  without  the  complication  of  the  known  peripheral 
effects,  we  were  obliged  to  devise  a  means  by  which  the  horse 
serum  might  be  introduced  into  the  cerebral  circulation,  but  not 
reach  the  circulation  of  the  body.  For  this  purpose  a  special  opera- 
tion was  perfected,  the  details  of  which  are  described  elsewhere,^ 
whereby  all  vascular  communication  between  the  trunk  and  head 
was  obliterated  and  the  circulation  in  the  head  and  neck  maintained 
independently  by  transfusion  from  the  carotid  artery  of  a  normal 
animal,  the  outflow  from  the  recipient  being  through  a  free  o|)ening 
in  the  external  jugular  vein.  Following  a  short  period  of  irregularity 
due  to  the  temporary  changes  in  the  cerebral  circulation  incidental  to 
the  technic  of  isolation,  the  general  blood  pressure  of  the  recipient 
is  maintained  at  a  normal  level,  and  horse  serum  may  be  introduced 
into  the  cerebral  or  into  the  j^eripheral  circulations  exclusively  with- 
out any  of  the  injected  material  reaching  the  circulation  of  the  other 
portion  of  the  animal. 

When,  under  such  circumstances,  horse  serum  is  introduced 
through  the  anastomosing  carotid  artery  into  the  cerebral  circula- 
tion of  a  sensitized  animal,  a  slight  transient  lowering  of  the  blood 
pressure  is  produced,  but  it  is  not  the  typical  dc])rcssion  of  anaphy- 

'  A.  B.  Eisenbrey,  Pruc.  Soc.  Exper.  Biol.,  1910,  7  (in  press). 
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lactic  shock  in  inUict  animals,  'i'hc  action  is  ])rompt,  but  the  depres- 
sion, to  <^i\e  the  lli^ures  in  one  experiment,  is  only  16  mm.  H^  with 
return  to  normal  IcncI  in  23  seconds.  Jf,  some  minutes  after  re- 
covery from  this  effect,  the  serum  is  injected  into  the  circulation  of 
the  trunk,  it  produces  a  lowcrin<5  of  the  blood  ])ressurc  to  a  level 
which  c()rrcs])onds  to  that  in  the  typical  condition  of  anaphylactic 
shock  in  the  intact  animal,  for  example,  in  the  ex])eriment  quoted  a 
fall  of  74  mm.  Hg  with  the  low  level  persisting. 

In  view  of  the  well-known  fact  that  when  anaphylactic  shock  is 
once  produced  further  injections  of  the  serum  have  no  effect,  the 
results  in  the  above  experiments  show  not  only  the  completeness  of 
the  isolation  of  the  cerebral  circulation  from  that  of  the  trunk  but 
also  that  the  peripheral  influence  is  the  essential  factor  in  the  produc- 
tion of  the  change  in  blood  pressure  so  characteristic  of  anap:)hylaxis. 

It  was  apparent,  therefore,  that  the  action  was  in  the  largest  degree 
peripheral,  either  on  the  nerve  endings  or  on  the  muscle  of  the  vessels 
themselves,  which  is  in  accord  with  the  observations  of  Biedl  and 
Kraus  concerning  the  influence  of  barium  chloride  in  modifying  the 
blood  pressure  phenomena  of  anaphylactic  shock. 

A  number  of  pharmacological  experiments  were  then  made  to 
still  further  localize  the  action.  These  are  based  on  the  experiments 
of  Dixon^  and  Brodie  and  Dixon^  with  apocodeine.  This  substance 
in  very  large  doses  paralyzes  vasomotor  nerve  endings;  and  "when 
its  action  is  complete  pilocarpine,  physostigmine,  and  adrenalin  have 
no  effect  on  the  blood  vessels  or  blood  pressure,  whilst  barium  and 
digitalis  will  still  constrict  the  blood  vessels  and  raise  blood  pressure. 
The  first  three  drugs,  it  is  therefore  assumed,  act  on  nerve  endings 
and  the  lat  er  two  directly  on  muscle." 

As  the  low  pressure  of  anaphylaxis  both  in  its  level  and  in  perma- 
nence resembles  closely  that  due  to  apocodeine  we  have  tested  the 
effect  of  adrenalin  and  barium  in  the  hope  of  finding  analogous 
mechanisms.  The  results  are  not  conclusive.  While  barium  causes 
an  increase  in  pressure,'  adrenalin  does  likewise;  the  latter,  however, 
is  but  slight  and  never  equal,  even  if  percentile  values  are  considered, 

'  Jour,  oj  Physiol.,  1903,  30,  p.  97.  »  Ibid.,  p.  476. 

*  We  have  also  confirmed  the  observation  of  Biedl  and  Kraus  that  the  administration  of  barium 
chloride  to  a  sensitized  animal  before  giving  the  toxic  dose  modifies  or  prevents  the  characteristic  fall  in 
pressure. 
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to  the  normal  adrenalin  reaction.  Assuming  therefore  that  adrenalin 
acts  through  the  nerve  endings,  it  is  evident  that  in  anaphylactic 
shock  altho  these  structures  are  not  completely  paralyzed,  their 
activity  is  greatly  diminished  not  only  as  shown  by  the  slight  adrenalin 
action  but  also  by  the  fact  that  splanchnic  stimulation  causes  a  smaller 
rise  in  pressure  than  in  the  normal  animal.  Nitroglycerin,  which 
according  to  Dixon  and  Brodie  acts  only  on  the  vessel  muscle,  also 
causes  a  further  fall  in  pressure,  as  does  also  to  a  slight  extent  dog's 
urine,  which  as  we  have  shown  elsewhere,^  apparently  lowers  blood 
pressure  by  an  action  on  the  nerve  endings.  It  is  therefore  evident 
that  altho  this  condition  of  low  pressure  is  due  in  greatest  ]3art,  at 
least,  to  a  disturbance  of  the  peripheral  vasomotor  mechanism,  it  is 
not  possible  to  say  that  the  function  of  either  the  nerve  endings  or 
the  muscle  is  completely  in  abeyance.  The  pharmacological  experi- 
ments indicate,  however,  that  the  nerve  endings  bear  the  brunt  of 
the  injury.  This  view  is  supported  by  experiments  with  apocodeine. 
If  a  sensitized  dog  under  the  influence  of  apocodeine  received  an 
injection  of  serum,  a  further  depression  of  the  circulation  was  not 
obtained.  In  fact,  the  blood  pressure  was  raised  a  few  millimeters 
by  the  mechanical  effect  of  the  injection  and  remained  so  for  a 
period  of  about  one  minute,  gradually  returning  to  a  point  slightly 
below  the  original  level  after  two  minutes. 

summary 

1.  Anaphylaxis  in  the  dog  is  characterized  subjectively  by  a  sudden 
and  persistent  fall  in  blood  pressure  followed  by  objective  symptoms 
referable  to  cerebral  anemia. 

2.  Exsanguination  and  transfusion  experiments  demonstrate  that 
the  disturbance  is  due  to  a  reaction  in  the  lixt  cells  and  not  to  changes 
occurring  primarily  or  secondarily  in  the  circulating  blood. 

3.  Experiments  in  which  the  peripheral  and  central  vasomotor 
mechanisms  have  been  separated  by  various  methods  (section, 
decapitation,  destruction  of  the  cord,  and  isolated  circulation)  show 
that  the  chief  influence  is  exerted  on  the  peripheral  vaso-motor 
system. 

4.  Pharmacological  experiments  point  to  an  influence  on  the 
nerve  endings  rather  than  to  one  on  the  muscle  of  the  vessels. 

»  Amer.  Jour,  of  Physiol.,  1910,  26,  p.  26. 
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THE  INFLUENCE  OF  THE  REMOVAL  OF  FRAGMENTS 
OF  THE  GASTROINTESTINAL  TRACT  ON  THE  CHAR- 
ACTER OF  NITROGEN  METABOLISM.  —  III.  THE  EX- 
CISION OF  THE  STOMACH. 

By  a.  carrel,  G.  M.  MEYER,  and  P.  A.  LEVENE. 

[From  the  Rockefeller  Institute  for  Medical  Research^  New  York.] 

^  I  ''HE  process  of  nutrition  is  accomplished  in  three  distinct  phases, 
-*-  those  of  digestion,  of  absorption,  and  of  assimilation.  Each  of 
these  contributes  an  equally  important  share  in  maintaining  the  in- 
tegrity of  the  adult  or  permitting  the  growth  of  the  young.  The  part 
played  in  this  process  by  the  different  fragments  of  the  digestive 
organs  has  been  the  subject  of  numerous  investigations  at  all  times. 
However,  most  of  the  efforts  thus  far  were  directed  to  the  study  of  the 
first  two  phases.  In  recent  years  valuable  contributions  have  been 
made  regarding  the  laws  governing  these  phases  of  the  process  and  re- 
garding the  mechanism  by  which  they  are  accomplished.  It  was  found 
that  the  stomach  played  a  subordinate  role,  both  in  the  process  of 
digestion  and  absorption,  and  on  this  ground  there  developed  a 
tendency  among  physiologists  to  attribute  to  this  organ  a  very  secon- 
dary part  also  in  the  process  of  assimilation. 

In  a  previous  communication  by  Levin,  Manson,  and  Levene,^  on 
the  nitrogen  metabolism  after  gastroenterostomy,  the  observation  was 
brought  to  light,  that  after  this  operation  the  power  of  the  animals  to 
retain  and  to  assimilate  the  nitrogen  of  the  food  was  diminished. 
The  animals  maintained  their  nitrogenous  equilibrium,  but  all  the 
nitrogen  ingested  in  excess  over  the  standard  diet  was  removed  within 
the  first  twenty-four  hours  following  the  intake.  It  should  be  added 
here  that  in  the  review  of  the  literature  on  the  subject  given  in  that 
communication,  several  older  publications  regarding  clinical  observa- 
tions on  metabolism  after  gastroenterostomy  in  man  were  omitted. 

*  Levin,  Manson,  and  Levene:   This  journal,  1909-10,  xxv,  pp.  231-253. 
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They  are  those  of  Heinsheimer,^  Joslin,^  and  Deganello.'*  The  results 
obtained  by  these  writers  are  in  harmony  with  the  view  expressed  in  the 
first  article  of  this  series.  They  all  contain  records  showing  that  after 
gastroenterostomy  nitrogen  retention  is  either  totally  absent  or  is  very 
insignificant.  It  was  realized  at  the  time  of  that  publication  that  more 
convincing  information  regarding  the  role  of  the  stomach  in  the  process 
of  assimilation  could  be  obtained  through  the  study  of  protein  metab- 
olism on  animals  after  complete  gastrectomy. 

It  has  been  known  since  the  time  of  Czerny  and  Kaiser  ^  that 
man  and  animals  may  survive  this  operation  and  remain  in  ap- 
parently good  health.  However,  there  are  recorded  comparatively 
few  investigations  of  the  nitrogen  metabolism  after  excision  of  the 
stomach.  The  few  reported  observations  **  were  made  on  several 
persons  operated  for  carcinoma.  According  to  these  reports  patients 
after  the  extirpation  of  the  stomach  not  only  were  capable  of  maintain- 
ing nitrogenous  equilibrium  but  at  times  retained  part  of  the  ingested 
nitrogen.  On  the  basis  of  these  observations  the  authors  reached  the 
conclusion  that  normal  metabolism  is  restored  in  man  after  gastrec- 
tomy. However,  the  conditions  under  which  the  work  was  done  did 
not  always  permit  of  a  desired  thoroughness,  and  therefore  the  con- 
clusions are  not  very  convincing.  Besides,  it  is  necessary  to  bear  in 
mind  that  the  operation  of  gastrectomy  was  performed  on  individuals 
who  suffered  from  a  mechanical  difficulty  in  receiving  nourishment, 
and  in  whom  the  stomach  was  the  focus  of  a  diseased  process  and  a 
source  of  intoxication.  Thus  the  patients  had  been,  for  a  long  time 
previous  to  the  operation,  in  a  condition  of  under-nutrition,  or  even 
in  a  state  of  partial  inanition.  After  the  operation  the  patients  are 
in  a  state  of  reconvalcscence  when  the  power  of  regeneration  of  the 
tissues  is  exaggerated.  This  consideration  may  serve  to  explain  the 
peculiarity  of  the  behavior  of  the  patient  under  the  observation  of 
Deganello.  On  a  diet  containing  24.14  gm.  of  nitrogen,  in  four  days 
the  patient  retained  3.03  gm.  of  nitrogen.    This  surely  indicates  a 

2  Heinsheimer,  F.:  Mittheilunge  aus  der  Grenzgebieten  der  Medizin  und 
Chirurgie,  1895,  i,  p.  348. 

^  Joslin:   Berliner  klinische  Wochenschrift,  1897,  p.  1047. 

*  Deganello,  N.:  Archives  italiennes  de  biologie,  1900,  xxxiii,  p.  132. 

^  Czerny:  Beitriige  zur  opcrativen  Chirurgie,  1878. 

®  Wroblewski:  Centralblatt  fiir  Physiologic,  1897,  xi, p.  21;  Hoffman :  Miinch- 
ener  medicinischc  Wochenschrift,  1898,  p.  560;  Deganello:  Loc.  cit. 
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very  unusual  capacity  for  lu'lro^cn  retention.  In  considering  the 
records  of  the  patients  with  gastrectoni)',  it  is  also  imporUint  to 
bear  in  mind  that  there  exists  no  evidence  that  the  removal  of  the 
stomach  was  comj)lete. 

The  observations  on  animals  as  compared  with  those  on  men  are  not 
more  satisfactory  either  in  number  or  in  character.  Carvallo  and  Pa- 
chon  '  report  a  successful  operation  on  a  cat.  The  animal  gained  in 
weight  immediately  after  the  operation  from  1,850  gm.  to  2,255  gm. 
But,  after  some  time,  the  condition  of  the  animal  grew  very  serious; 
it  refused  food  and  died  six  months  after  the  operation.  The  obser- 
vations of  De  Filli})i  ^    on  a  dog  are  also  very  imperfect. 

In  the  present  investigation  it  was  intended  to  follow  the  plan  de- 
scribed in  the  two  previous  communications  of  this  series,'^  but 
many  difficulties  presented  themselves  in  placing  the  animals  in  nitro- 
genous equilibrium,  in  maintaining  the  uniform  nitrogen  output 
through  all  periods  of  the  day,  etc.  Finally  it  was  concluded  to  plan 
the  principal  experiments  in  periods  lasting  four  or  five  days.  Never- 
theless, the  catheterization  of  the  animals  was  performed  every  twenty- 
four  hours  and  the  feeding  took  place  at  short  intervals  (every  hour,  ten 
times  a  day) .  Autopsies  performed  on  the  animals  at  the  close  of  the 
experiments  have  revealed  that  in  one  of  the  animals  a  very  small  part 
of  the  pyloric  end  —  not  more  than  15  mm.  in  length  —  still  remained 
unexcised;  in  the  second  the  resection  was  complete. 

In  the  second  animal  at  no  time  was  there  observed  any  nitrogen  re- 
tention after  the  equilibrium  was  once  established;  in  the  first  animal, 
immediately  after  the  operation  a  marked  retention  of  nitrogen  could 
be  observed,  and  only  after  some  time,  especially  after  the  mode  of 
feeding  had  been  changed,  the  animal  removed  in  twenty-four  hours 
all  the  nitrogen  taken  in  excess  over  the  quantity  required  for  the 
maintenances  of  the  established  equilibrium.  An  attempt  to  inter- 
pret the  observations  in  detail  will  be  given  below;  here  it  suffices  to 
state  that  the  results  of  the  experiments  on  dogs  with  gastrectomy 

'  Carvallo  and  Paciion:  Archives  de  physiologic,  1895,  vii,  pp.  349-355  and 
pp.  766-770;  also  Travaux  du  laboratoire  de  Ch.  Richct,  1895,  iii,  p.  456. 

^  De  Fillipi  :  Deutsche  medicinische  Wochenschrift,  1894,  p.  780. 

®  Levin,  Manson,  and  Levene:  Loc.  cit.  and  also  Carrel,  Meyer,  and  Le- 
vene:  This  journal,  1909-10,  xxv,  p.  439. 
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confirm  the  view  previously  advanced  on  the  role  of  the  stomach  in 
the  process  of  protein  assimilation  expressed  in  the  first  communi- 
cation of  this  series. 


Plan  of  Experiments. 

As  soon  as  the  animals  recovered  from  the  operation  they  were  placed 
in  a  condition  of  nitrogen  equilibrium  on  a  diet  containing  not  less 
than  70  calories  per  kilo  weight.  The  food  consisted  of  chopped  lean 
beef,  prepared  according  to  the  recommendation  of  W.  J.  Gies  '^  and 
preserved  in  a  refrigerator,  together  with  plasmon,  cracker  meal,  lard 
and  salt.  The  attempt  to  maintain  animals  on  the  simpler  diet  of 
plasmon,  cracker  meal,  and  lard  was  abandoned,  since  it  was  noted 
that  only  in  absolutely  normal  animals  is  this  diet  palatable  for  an  in- 
definite time.  All  the  animals  that  had  undergone  any  one  of  the 
operations  on  the  digestive  organs  took  the  simpler  food  only  for  a 
short  time.  This  may  be  worth  noting,  since  it  contains  perhaps  an 
indication  that  even  after  an  apparently  complete  recovery  the  ani- 
mals in  reality  never  again  regained  their  normal  health  and  the  keen- 
ness of  their  normal  appetite. 

On  the  days  of  the  experiments  the  animals  received  with  the  first 
meal,  in  addition  to  their  standard  diet,  a  quantity  of  plasmon  equiva- 
lent to  I  or  2  gm.  of  nitrogen.  The  nitrogen  elimination  during  that 
period  was  compared  with  the  nitrogen  output  of  a  normal  period  of 
the  same  duration. 

Methods  of  Analysis. 

The  analytical  methods  employed  in  this  investigation  were  the 
same  as  those  described  in  the  previous  communication  of  this  series. 


Experiments. 

Dog  I.,  weighing  13.5  kg.,  operated  January  28th.  Apparently  un- 
eventful recovery.  On  the  14th  of  February  the  animal  vomited  occa- 
sionally.   This  symptom  did  not  recur  again. 


10 


Gies,  W.  J.:  This  journal,  iqoi,  v,  p.  235. 
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ExpcritHcnt  I.    -On  Ihc  2Sth  of  Fcl)ruary  Ihc  aniniiil  received  a.  diet  con- 
laining  5.8()  gni.  of  nitrogen  and  7q<S  calories.    The  urine  was  collected 
in  four-hour  periods.    On  the  following  day  the  intake  of  the  animal  was 
raised  to  7. 82  gin.  and  871  calories.     Weight  of  dog,  12  kg. 
The  ouli)ut  on  tlie  two  respective  days  was  the  following: 

Standard  Standard  diet 

dit'l.  I    plasmon. 

Gm.  N.  Gm.  N. 

Intake 5-890  7.890 

Output:  feces 0-567  0.580 

Absorbed 5-323  7-3 10 

Output:  urine 3-385  4-490 

Balance      +1.938  +2.810 

Absorbed  in  excess  over  first  day      -    .    .         1-987 
Eliminated  in  urine  over  first  day     ...         1-105 

Balance  between  first  and  second  day  .    =  +0.882 

Thus  there  was  noted  a  retention  of  44.5  per  cent  of  the  excessive 
nitrogen  intake.  A  normal  dog  under  similar  conditions  "  retained 
43  per  cent  of  the  excessive  intake. 

Experiment  II.  —  It  is  seen,  however,  that  at  the  time  of  the  experiment  the 
animal  w^as  not  yet  in  a  condition  of  equilibrium.  The  diet  was  modi- 
fied and  on  the  13th  day  of  March  the  animal  was  in  a  condition  of 
equilibrium  at  an  intake  of  3  gm.  of  nitrogen  and  814  calories.  Weight 
of  dog,  12.06  kg. 

On  March  16  and  22  experiments  were  performed  with  a  diet  contain- 
ing a  quantity  of  plasmon  equivalent  to  i.o  gm.  of  nitrogen  in  excess 
over  the  standard  diet.    Weight  of  dog,  11.9  kg. 

Standard  Standard  diet 

diet.  +  plasmon. 

Gm.  N.  Gm.  N. 

Intake 3.000  4.000 

Output:  feces 0.480  0-552 

Absorbed 2.520  3-448 

Output:   urine 2.600  2.730 

Balance —0.080  +0.718 

Absorbed  in  excess  over  first  day      ....   0.928 
EHminated  in  urine  over  first  day     .    -    -    -   0.130 
Balance  between  first  and  second  day  .    .    +0.798 
"  Levene  and  Meyer:  This  journal,  1910,  xxv,  p.  217. 


374       -^^-  Carrel,  G.  M.  Meyer  and  P.  A.  Levene. 

In  these  experiments  there  was  noted  a  higher  nitrogen  retention  than 
in  the  normal  animal.  This  result  seemed  rather  paradoxical  at  the 
first  glance.  A  possible  interpretation  of  it  could  be  found  in  the  fol- 
lowing considerations.  Under  normal  conditions  the  protein  of  food 
enters  the  duodenum  only  in  form  of  primary  digestion  products,  in 
small  portions,  thus  bringing  about  a  perfect  digestion  of  the  ingested 
protein  material.  After  gastrectomy  a  large  quantity  of  wholly  un- 
digested protein  reaches  the  duodenum.  The  absence  of  gastric  secre- 
tion may  lead  to  a  very  imperfect  secretion  of  the  pancreatic  juice 
and  perhaps  also  of  erepsin.  Thus  the  protein  material  under  these 
conditions  remains  in  the  intestinal  tract  for  a  considerable  time  undi- 
gested, and  is  absorbed  in  that  form.  The  fate  of  such  protein  in  the 
organism  one  would  expect  to  be  the  same  as  that  of  parenterally  in- 
troduced protein.  It  has  been  established  by  recent  investigators  that 
parenterally  introduced  protein  is  retained  in  the  organism  com- 
pletely, if  the  animal  is  maintained  in  a  condition  of  normal  nutrition. 
The  greater  retention  of  nitrogen  after  gastrectomy,  as  compared  with 
the  retention  after  gastroenterostomy,  observed  on  man,  and  in  our 
experiments,  may  be  interpreted  in  the  light  of  these  considerations. 
It  was  planned  to  subject  this  possible  interpretation  to  further  analy- 
sis. However,  before  sacrificing  the  animal,  it  was  concluded  to  extend 
the  observations,  of  the  same  character  as  described,  to  a  longer  period. 


Experiment  III.  —  On  April  9  an  experiment  was  begun  lasting  fifteen 
days.  It  was  divided  into  three  periods  of  five  days  each.  During  the 
first  five  days  the  intake  of  the  animal  contained  3  gm.  of  nitrogen  and 
814  calories.  The  following  five  days  the  intake  contained  4.0  gm.  of 
nitrogen  and  846  calories,  and  the  intake  of  the  last  five  days  was  the 
same  as  the  first  period. 

The  results  of  this  experiment  were  the  following: 


First  period, 
Urine  N. 

sl'd  diet. 
Feces  N. 

Second  period, 

st'd  di-t  -f  plasmon 

Urine  N.         Feces  N. 

Third  period, 
Urine  N. 

st'd  diet. 

Feces  N. 

2.40 
2.16 

.478 

3.06                  .540 
3-41               .596 

2.90 
3.28 

.110 
.354 

2.31 

2.73 

2.54 

.901 

•730 
.540 

3-75              -619 
3-62              .583 
3.40              .600 

2.55 
2.76 

2.60 

.717 
.518 
•463 

Totals  12.14 

2.649 

17.24            2.938 

14.09 

2.162 
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l''irst  i)i'ri()(l.  Second  ix-riod.  Third  period. 

Intake 15.000  20.000  15.000 

Output:  feces. 2.650  2.g3<S  2.162 

Absorbed 12.350  17.062  12.838 

Output:    urine 12.140  17.240  14.090 

Balance +.210  —.178  —1.252 

Absorbed  in  excess  over  first  period    .   .4.712 
Output  in  urine  over  first  period     -    -    -  5.100 

Balance  over  first  period       —  .388 

Thus  at  this  time  no  retention  of  the  additional  nitrogen  took  place. 


Experiment  IV.  —  Another  experiment  of  the  same  nature  was  performed 
beginning  April  30.  The  observations  were  made  during  eight  days. 
They  consisted  of  two  periods.  During  the  first,  the  intake  of  the 
animal  contained  3.0  gm.  of  nitrogen  and  814  calories.  During  the 
second,  4.0  gm.  of  nitrogen  and  846  calories. 
The  result  of  this  experiment  was  as  follows : 

Standard  diet.  St'd  diet  +  plasmon. 

Urine  N.  Feces  N.  Urine  N.  Feces  N. 

2.52  .418  2.94  .458 

2.40  .410  3.26  .436 

2.56  .561  3.16  .525 

2-49  -553  3-77  -757 

Totals  9.97  1.942  13-13  2.176 

First  period.  Second  period. 

Intake 12.000  16.000 

Output:  feces 1.942  2.176 

Absorbed 10.068  13-824 

Output:   urine 9-97o  13-130 

Balance +.098  +.694 

Again,  in  this  experiment  no  nitrogen  retention  was  observed  during 
the  period  of  additional  nitrogen.  It  is  also  noteworthy  that  during 
the  first  two  weeks  following  the  operation  the  weight  of  the  animal 
was  continually  increasing,  while  it  remained  constant  after  that 
period. 
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Thus  it  is  possible  that  after  a  time  the  secretion  of  digestive  ghinds 
is  adapted  to  the  new  condition  and  the  digestion  of  the  ingested  pro- 
tein is  completed  in  the  intestines  without  the  aid  of  gastric  secretion. 
In  this  phase  the  animals  find  themselves  in  a  condition  similar  to 
gastroenterostomy  and  the  nitrogen  retention  becomes  minimal. 
This  interpretation  seems  very  plausible.  However,  the  autopsy  of  the 
animals  revealed  another  condition  which  offers  a  basis  for  another  in- 
terpretation for  the  difference  in  the  fate  of  the  additional  nitrogen  of 
the  diet  at  the  period  immediately  following  the  operation  and  at  a 
considerably  later  period.  Namely,  it  was  noted  on  the  autopsy 
that  the  upper  part  of  the  duodenum  had  undergone  a  considerable 
dilatation  and  its  walls  a  marked  hypertrophy.  Thus  it  is  possible 
that  this  artificial  sack  served  as  a  mechanism  regulating  the  transfer 
of  the  food  to  the  intestines  and  in  this  manner  rendering  intestinal 
digestion  more  complete. 

Dog  II.,  weighing  14.36  kg.,  was  operated  on  the  7th  of  January. 
Soon  after  the  operation,  the  animal  developed  distemper.  It  slowly 
recovered  health  and  on  the  4th  of  April  it  was  possible  to  begin  the 
observations  on  the  nitrogen  metabolism  of  this  animal.  At  that  time 
the  animal  was  in  nitrogenous  equilibrium. 

Experiment  I  (April  4).  —  Food  contained  5.29  gm.  nitrogen  and  756  calo- 
ries; the  weight  of  the  animal  was  ii.i  gm.  The  following  day  the 
animal  was  given,  in  addition  to  the  standard  diet,  a  quantity  of  plas- 
mon  equivalent  to  i.o  gm.  of  nitrogen,  and  on  the  day  following  this, 
again,   the  standard  diet.     The  output  in  the  three  respective  days 

was  the  following: 

First  day.  Second  day.         Third  day. 

Gm.  N.  Gm.  N.  Gm.  N. 

Intake 5.29  6.29  5.29 

Output:  feces 0.66  0.69  1.33 

Absorbed 4.63  5.60  3.96 

Output:  urine 4.72  5.68  4.49 

Balance      —.09  —.08  "~-53 

Absorbed  in  excess  over  first  day     -    .    0.97 
Eliminated  in  urine  over  first  day    -    .      .96 

Balance  between  first  and  second  day    +.01 

Thus,  in  this  experiment,  all  the  additional  nitrogen  contained  in  the 
food  of  the  second  day  was  removed  within  twenty-four  hours. 
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Experimoit  TL — This  experiment  lasted  fifteen  days.  In  course  of  the 
lirst  five  days,  the  animal  received  the  stan{hird  diet  of  the  first  ex- 
periment ;  in  the  second  period,  also  of  five  days,  the  animal  received 
daily,  in  addition  to  the  standard  diet,  a  (juantity  of  [)lasmon  equivalent 
to  I  gm.  of  nitrogen,  and  during  the  third  period  the  intake  again  con- 
sisted of  the  standard  diet.  The  nitrogen  balance  during  each  of  the 
three  periods  was  as  follows: 


First  [)erio(l,  st'd  diet. 
Urine  N.  Feces  N. 

5.60 
5.80 

5.50 


Totals  28.26 


~  Second  period, 
st'd  diet  +  plasmon. 

Feces  N. 


Urine  N. 
6.52 
6.32 
6.13 
6.34 
649 

31.80 


Third  period,  st'd  diet. 
Urine  N.  Feces  N. 


1. 010 
1. 165 
1.085 

•745 
1. 176 

5.181 


5-55 
6.08 
6.10 
6.00 
6.00 


29-73 


.580 
.790 
.661 

.432 
.728 

3-191 


First  period.  Second  period.  Third  period. 

Gm.  N.  Gm.  N.  Gm.  N. 

Intake 26.450  3i-45  26.45 

Output:  feces  ....        3.684  5-i8i  3.19 

Absorbed 22.766  26.319  23.26 

Output:  urine    ....      28.260  31.800  29.73 

Balance —5.494  —5.481  —6.47 

Absorbed  in  excess  over  first  period     .    .  3-553 

Eliminated  in  urine  in  excess  over  first  period    3.540 

Balance -I-0.013 

Thus  also  in  this  experiment  no  retention  of  nitrogen  was  observed. 
It  was  also  noted  that  notw^ithstanding  the  intake  to  maintain  the 
equilibrium  of  a  normal  animal  of  the  same  weight,  this  animal  w^as 
losing  both  nitrogen  and  w^eight. 


Experiment  III.  —  This  experiment  was  performed  in  order  to  test  the  cor- 
rectness of  the  assumption  that  the  very  high  rate  of  nitrogen  reten- 
tion observed  in  the  first  dog  in  the  experiments  performed  soon  after 
the  operation  was  occasioned  by  the  absorption  into  the  circulation  of 
the  unchanged  protein. 

The  animal  at  the  time  was  receiving  a  diet  containing  5.29  gm.  of 
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nitrogen  and  qoo  calories.  On  the  2yth  and  30th  of  April  the  animal 
received  a  subcutaneous  injection  of  191  c.c.  horse  serum  containing 
3.09  gm.  of  nitrogen.  The  serum  had  been  previously  heated  to  60°  C. 
for  thirty  minutes.  The  nitrogen  balance  two  days  previous  to  the 
injection  and  on  the  day  of  the  injection  was  the  following: 

Sl'd  diet  +  horse  serum 
St'd  diet.  Ill  c.c.  =  1.21  y:,m.  N. 

subcutuneously. 

Intake 5.29  6.50 

Output:  feces .607  .624 

Absorbed  - 4.683  5-876 

Output:  urine 6.050  6.25 

Balance      —1.367  ~-374 

Thus  all  the  nitrogen  received  by  the  animal  parenterally  was  re- 
tained in  the  organism  in  the  same  manner  as  the  nitrogen  of  the  addi- 
tional diet  in  the  early  experiments  on  the  first  dog. 


Experiment  IV.  —  This  experiment  lasted  six  days  and  consisted  of  two 
three-day  periods.  During  the  first  period  the  diet  contained  5.29  gm. 
of  nitrogen  and  900  calories;  during  the  second  period  it  contained  addi- 
tional plasmon  equivalent  to  i.o  gm.  of  nitrogen.  The  nitrogen  balance 
of  the  two  periods  was  the  following : 

First  period,  standard  diet.  ,,  Se:ond  period, 

*  '  st  d  diet  +  plasmon. 

Urine  N.  Feces  N.  Urine  N.  Fees  N. 

4.80                      .410  5.87                      .539 

4-8o                       ...  5.64                      .369 

4.QO                      .815  5-85                      486 

Totals  .    .    .  14.50  1.225  17.36  1.494 

First  period.  Sxond  period. 

Intake 15.870  18.870 

Output:  feces 1.225  1.494 

Absorbed 14.645  17.376 

Output:  urine 14.500  17.360 

Balance      +0.145  +.016 

Thus  in  the  three  experiments  on  the  second  dog  no  nitrogen  reten- 
tion was  observed.    The  fate  of  the  additional  nitrogen  intake  in  this 
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animal  was  the  sanu'  as  in  the  (h)gs  with  gasLrocntcrostomy,  and  tlie 
same  as  in  the  hitcr  cx])crimcnts  on  llic  first  animal  with  gastrectomy. 
In  order  to  interi)ret  the  (hvergencc  in  the  early  experiments  on  the 
first  and  the  second  animals  it  must  be  borne  in  mind  that  the  obser- 
vations on  the  second  animal  were  begun  on  the  twelfth  week  after 
operation;  that  in  the  first  animal,  in  the  experiments  performed  at 
the  lapse  of  only  ten  weeks  after  the  operation,  already  no  nitrogen  re- 
tention was  observed  after  the  additional  intake.  On  the  other  hand, 
the  autopsy  of  this  animal  revealed  that  the  extirpation  of  the  stomach 
on  this  animal  was  complete. 

We  arc  indebted  to  the  kindness  of  Dr.  E.  L.  Opie  for  the  following 
report  on  the  autopsy:  —  The  mucous  membrane  is  2  mm.  in  thickness, 
the  villi  appear  to  be  considerably  larger  than  normal  and  the  glands 
longer;  otherwise,  the  tissue  appears  to  be  normal. 

Summary. 

1.  Observation  on  the  fate  of  the  nitrogen  intake  received  in  addi- 
tion to  that  of  the  standard  diet  was  studied  on  two  animals  with 
gastrectomy. 

2.  In  the  first  animal  there  was  noted  a  high  nitrogen  retention  in 
the  experiments  performed  early  after  the  operation,  and  no  retention 
in  the  experiments  performed  after  the  tenth  week  following  the 
operation. 

3.  The  observations  on  the  second  animal  were  begun  on  the 
twelfth  week  after  the  operation.  Three  experiments  were  performed 
on  the  animal  and  no  nitrogen  retention  noted  in  any  one  of  them. 

4.  The  autopsy  revealed  that  in  the  first  animal  a  small  part  of  the 
pyloric  end,  not  more  than  15  mm.  in  length,  remained  unexcised. 
The  extirpation  of  the  stomach  in  the  second  animal  was  complete. 

5.  Parenterally  introduced  protein  (in  addition  to  the  standard  diet) 
was  completely  retained  in  the  organism. 

6.  An  analysis  was  made  of  the  possible  conditions  which  might 
have  occasioned  the  divergence  in  the  behavior  of  the  additional  ni- 
trogen in  the  experiment  following  early  after  the  operation  and  those 
after  a  lapse  of  about  ten  weeks. 

7.  The  view  was  analyzed  that  immediately  after  the  operation  not 
only  the  gastric  secretion  was  missing,  but  also  the  pancreatic  and  in- 
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testinal  secretions  were  minimal,  and  that  at  that  period  the  absorbed 
protein  had  the  character  of  parenterally  introduced  protein;  and 
that  at  a  later  period  the  pancreatic  and  intestinal  digestion  were 
restored  to  their  normal  power. 

8.   The  autopsy  revealed  a  hypertrophy  of  the  upper  end  of  the 
duodenum  developing  after  the  operation. 
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Till-:  PROrilYLACTIC  ACTION  OF  ATROI^IN  IN  IMME- 
DIATE ANAPHYLAXIS  OF  GUINF:A  PIGS.  —  THIKO 
COMMUNICATION. 

By  J.  AUER. 

\From  the  Department  of  Physiology  and  Pharmacology  of  the  Rockefeller  Institute.] 

Introduction. 

ABOUT  one  year  ago  it  was  stated  in  a  preliminary  note  ^  that 
atropin  sulphate  could  prevent  the  death  of  a  guinea  pig  from  a 
very  acute  type  of  anaphylaxis  which  we  later  termed  the  immediate 
anaphylactic  reaction.^  We  first  used  atropin  because  the  experimen- 
tal facts  which  we  obtained  in  our  investigation  all  pointed  to  the  con- 
clusion that  the  bronchial  muscles,  especially  those  of  the  finer  tubes, 
played  an  important,  if  not  the  most  important,  role  in  the  production 
of  the  pulmonary  stenosis  which  led  swiftly  up  to  the  death  of  the 
animal  by  asphyxia.^  On  the  basis  of  this  conclusion,  which  has  since 
been  adopted  by  Anderson  and  Schultz  ^  and  by  Biedl  and  Kraus,^  it 
was  natural  that  atropin  should  be  employed  because  of  its  well-known 
paralyzing  'action  upon  the  vagus  endings  in  the  bronchial  muscles. 
This  action  of  atropin  was  first  shown  by  Dreser  ^  and  was  later  cor- 
roborated by  Beer,^  Einthoven,^  and  by  Dixon  and  Brodie.^   The  thera- 

}  AuER  and  Lewis:  Journal  of  the  American  Medical  Association,  1909,  viii, 
p.  458. 

2  AuER  and  Lewis:  Journal  of  experimental  medicine,  1910,  xii,  p.  153. 

2  AuER  and  Lewis:  Ibid.,  pp.  165-169. 

^  Anderson   and   Schultz:    Proceedings   of   the   Society   for   Experimental 
Biology  and  Medicine,  1909,  vii,  p.  34. 

5  Biedl  and  Kraus:  Wiener   klinische   Wochenschrift,   1910,    xxiii,    No.    11, 
p.  386. 

^  Dreser:    Archiv  fur    experimentelle  Pathologic  und  Pharmakologie,   1890, 
xxvi,  p.  255. 

'  Beer,  Archiv  fiir  Physiologic,  1892,  Supplement-Band,  p.  150. 

8  Eintiioven:  Archiv  fiir  die  gcsammtc  Physiologic,  1892,  li,  p.  428. 

^  Dixon  and  Bkodie:  Journal  of  physiology,  1903,  xxix,  pp.  162,  16S. 
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pcutic  results  we  obtained  with  this  alkaloid  in  an  experimental  test 
wtre  gratifying  and  were  reported  in  our  preliminary  note.  Since  that 
time  some  series  of  experiments  have  been  carried  out  in  guinea  pigs  of 
varying  sensitiveness,  and  these  results  will  be  briefly  reported  in  the 
following  pages. 

Experiments. 

In  order  that  a  clear  conception  of  the  course  of  these  experiments 
may  be  obtained,  two  specimen  protocols  will  be  given  which  may 
serve  as  types,  and  the  experiments,  which  will  be  presented  later  in 
tabular  form,  were  carried  out  in  this  fashion. 

Control  Experiment y  June  jo,  igio.  —  G.  pig,  male,  F  i6;  700  gm.     Sensi- 
tized Nov.  17,  1909,  by  I  c.c.  H.  S.  subc. 

10.27.  Stretched  on  electric  pad  at  L.  Start  ether. 
10.29.  Cannula  in  external  Jugular  vein;  stop  ether. 
10.31.     Rectal  temperature  38.8°. 

10.35.  0.5  c.c.    10  per  cent  heated  H.  S.  jug.  vein;   ij^  c.c.  Ringer 
♦    sol. 

10.36.  Chest    sinks   in  fairly  well  with  inspiration.     Respiration 
slowed. 

10.36)^.     Chest  sinks  in  strongly  with  each  inspiration.     Respira- 
tion slow;  struggles,  no  sound  audible. 

10.37.  Chest    sinks   in    strongly  with  inspiration;    tongue  bluish; 
struggles,  choked  squeak. 

10.39.  Short  convulsions;  no  respiratory  sound  audible. 

10.40.  Mouth   opens   with  inspiration;    chest  movements    getting 
less  and  less;  visible  peristalsis. 

10.41.  No  respiration.    Rectal  temperature  38.7°. 

Autopsy:  Lungs  t^-pical,  large,  full,  pale  bluish  pink;  left  upper  lobe 
only  slightly  distended ;  no  difference  between  two  sides  otherwise. 
A  tropin.    June  30,  igio.  —  G,  pig,  male,  F  19;    700  gm.    Sensitized  Nov. 
17,  1909,  by  I  c.c.  H.  S.  subc. 
11.40.     Stretched  on  electric  pad  at  L.    Start  ether. 
11.44.     Cannula  in  external  jugular  vein;   stop  ether. 

11.50.  Rectal  temperature  39.9°. 

1 1. 51.  2  mg.  atropin  sulph.  jug.  vein  (i  per  cent  solution).   0.5  c.c. 
10  per  cent  heated  H.  S.  jug.  vein;   ij^  c.c.  Ringer  sol. 

11.523^.     Slight  sinking  in  of  chest  with  inspiration. 
11.53.     Sharp  struggle  with  some  rather  choked  squeaks. 
11.55.     Slight  sinking  in  only  of  chest;   sharp  struggles  with  choked 
squeaks. 
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ii.^f).  Sanu';  diirinu;  slru^jj^Hcs  air  heard  issuin;^^  from  moulh  and 
nose. 

11.57.  Same;  only  sli;.^lU  sinking  in  of  dicsl ;  r('.si)i  rat  ion  moderately 
rai)id. 

11.50.  diest  sinks  in  a  hil  more.  1  m<i;.  at  rojjin,  ju^'uhir  \'ein ;  i  c.c. 
Ivin^er  sol.  to  wasli  out  camuila. 

I  2.05.  diest  sinks  in  only  \ery  moderately  with  ins])iration.  Wound 
washed  with  2.5  ])er  rent  carbolic  sol.  Sutured;  sf|ueaks  slightly  as 
needU>  passes  throu<^h  skin.    Rectal  tcm])crature  40.4°.    Placed  in  l»ox. 

12.0.S.  Moves  about  box;  holds  head  uj);  hair  of  head  and  neck 
iM-ect,  smootli  oxer  rest  of  body.  Respiration  rapid.  Occasionally 
hind  le,gs  straighten  abrui)tly  and  raise  runij)  of  animal. 

1.20.     Good  condition. 

3.40.     Good  condition. 

July  /,  10  A.  M.     Lively  and  active. 

July  7.     Well,  lively  and  active. 

I1ie  protocols  quoted  above  show  well  that  the  lungs  are  markedly 
involved  in  immediate  anaphylaxis  and  that  atropin  reduces  these 
manifestations  strongly.  Yet  the  significance  of  the  protocols  is  not, 
perhaps,  obvious,  and  for  this  reason  a  graphic  record  of  the  lung 
changes  themselves  is  given.  Fig.  i  shows  these  changes  very  well. 
This  tracing  was  obtained  from  a  guinea  pig  which  had  been  sensitized 
June  4,  1909,  by  the  subcutaneous  injection  of  5  c.c.  of  meningitis 
serum.  On  September  27,  1909,  this  animal  was  stretched  out  on  an 
electric  pad,  etherized,  both  vagi  cut;  a  pleural  cannula  fixed  in  the 
right  pleural  cavity;  2.5  mg.  curarin  injected  into  the  external  jugular 
vein  and  artificial  respiration  started.  The  volume  changes  of  the 
lung  were  recorded  by  connecting  the  pleural  cannula  with  a  Marey 
tambour,  upstroke  of  the  writing  lever  being  caused  by  inflation  of 
the  lung.  Both  vagi  were  first  stimulated  to  cause  a  bronchial  tonus 
(not  reproduced  in  tracing).  Then  0.6  c.c.  of  anti-meningitis  (horse) 
serum  was  injected  into  the  jugular  vein  and  the  cannula  washed  clear 
by  I  c.c.  of  saline  solution.  Within  a  few  seconds  (time  is  marked  in 
four-second  intervals  on  tracing)  and  before  the  salt  solution  is  in- 
jected, a  well-marked  increase  in  the  lung  volume  oscillations  occurs, 
a  broncho-dilatation,^*'  which  is  followed  swiftly  by  a  broncho-constric- 

'°  AuER  and  Lewis:  Journal  of  experimental  medicine,  iqio,  xii.  i)p.  167,  168. 
This  has  also  been  observed  by  I^ikdl  and  Krai's:   Lor.  rit..  p.  ,v%. 
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tion  of  such  a  degree  that  the  air  bhists  from  the  artificial  respirati(jn 
machine  harcll\'  cause  any  vokime  changes  in  the  lung,  although  the 
volume,  force,  and  rate  of  the  air  delivery  has  in  no  wise  been  altered. 
The  animal  now  receives  practically  no  air,  and  if  it  were  not  curarized 
would  show  i)owerful  struggles  followed  swiftly  by  asphyctic  convul- 
sions and  death. '^     In  the  tracing  under  consideration,  however,  con- 


^^^^^^^^^■^r}^^^£^:^^^ 
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Figure  1.  —  From  the  right  pleural  cavity  of  a  sensitized  curarized  guinea  pig  September 
27,  1909.  Upstroke  =  inflation  of  lung  under  artificial  respiration  from  a  machine. 
Time  =  four-second  intervals.  At  once  after  the  intravenous  injection  of  0.6  c.c.  of 
horse  serum  (first  black  band),  a  short  but  well-marked  broncho-dilatation  occurs. 
This  is  swiftly  followed  by  an  almost  maximal  broncho  constriction.  During  this 
broncho-constriction  3  mg.  atropin  and  again  2  mg.  were  injected  into  the  jugular  vein. 
Note  prompt  return  of  lung  oscillations. 

ditions  were  not  allowed  to  progress  to  this  pass,  but  3  mg.  of  atropin 
were  injected  into  the  jugular  vein.  Very  swiftly,  a  matter  of  seconds, 
the  volume  changes  of  the  lung,  due  to  the  artificial  respiration,  begin 
to  increase,  showing  that  the  pulmonary  stenosis,  which  had  been  pro- 
duced by  the  horse  serum,  was  slowly  yielding  to  the  atropin.  A 
second  injection  of  atropin,  this  time  2  mg.,  was  given,  perhaps  un- 
necessarily, to  hasten  the  removal  of  the  stenosis,  and  two  and  one- 
half  minutes  after  the  first  atropin  injection  the  lung  again  expands 
and  collapses  to  artificial  respiration  even  better  than  before  the  in- 
jection of  the  toxic  dose.  This  tracing  (Fig.  i)  shows  at  a  glance  the 
kernel  of  this  communication. 

While  this  tracing  shows  well  the  vital  functional  interference  which 
horse  serum  causes  in  a  sensitized  guinea  pig  and  its  removal  by  atropin, 
there  is  nothing  which  conveys  to  the  eye  the  marked  gross  anatomical 
change  which  accompanies  this  alteration  of  lung  function.^'-  In  order 
to  show  this  and  also  the  effect  of  atropin,  two  guinea  pigs  from  the 

^'  See  Plate  VHI,  Auer  and  Lewis:  L(x\  fit.,  for  a  graphic  registration  of  this. 
^-  Auer  and  Lewis:   Loc.  cit.,  p.  157. 
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sann'  lot,  sensitized  l)y  llu-  subciiUincous  injection  of  i  c.c.  of  horse 
serum  on  \o\-enil)er  17.  i()0().  receix'ed  on  January  24,  1910,  intra- 
\-enousIy  o.  •;  e.e.  of  a  10  per  cent  solution  of  heated  horse  scrum. '"^ 
One  of  these  <^uinea  pi^s  lia<l  receixcd  •;  m^.  of  atropin  subcutaneously 
about  fourteen  minutes  before  the  toxic  dose  of  liorsc  serum.  The 
control  aniiral  died  witli  tyi)ical  respiratory  sym|)toms  in  lUe  min- 
utes, while  the  atroi)in  am'mal  showed  practically  no  respiratory  in- 
\-ol\-ement  durin.*^  ten  minutes  of  observation,  when  it  was  killed  by 
section  of  the  medulla.  The  lungs  of  these  animals  were  excised  and 
photograi)he<l.  Fig.  2  is  a  reproduction  of  this  j)h()tograph.  In- 
spection of  this  picture  shows  that  the  difYerence  between  the  two  lungs 
is  striking:  The  control  lungs  {b  in  the  picture)  are  pale,  full,  and 
light  of  weight;  they  seem  to  be  fixed  in  an  inspiratory  condition  in 
spite  of  the  fact  that  they  are  excised  from  the  thorax  and  that  there  is 
no  m.echanical  obstruction  in  the  trachea;  moderate  tracheal  inflation 
would  exert  no  effect  on  the  lung  volume. ^^  They  are  full  of  air  which 
cannot  escape,  and  inspection  of  the  lung  surface  with  the  naked  eye 
shows  beautifully  the  distended  alveolar  air-sacs.  If  the  lung  surface 
had  been  pricked  by  a  needle  (w'hich  was  done  in  numerous  other  ex- 
periments), air  mixed  with  a  little  blood  would  have  been  seen  bubbling 
out  as  if  under  some  tension.  In  short,  the  lungs  of  this  control  animal 
look  exactly  like  normal  lungs  at  the  end  of  a  full  inspiration;  '''  the 
only  difference  is  that  these  anaphylactic  lungs  maintain  this  inspira- 
tory condition  when  removed  from,  the  thorax,  the  atmospheric  pres- 
sure and  the  pull  of  the  stretched  elastic  tissue,  which  strain  to  empty 
the  lung,  being  counteracted  by  a  stenosis  of  the  pulmonary  air  pas- 
sages.^^  These  lungs  again  indicate  clearly  why  the  animal  died  of 
asphyxia.  On  the  other  hand,  the  lungs  of  the  atropin  animal  (a  in 
Fig.  2)  show  a  very  different  appearance:  they  are  collapsed,  small, 
and  almost  air-less,  about  one  half  the  size  of  the  anaphylactic  lungs; 
their  color  is  a  dark  gray,  and  the  surface  of  the  lungs  shows  numerous 

^•^  It  must  he  added  that  in  both  animals  the  right  vagus  had  been  resected  on 
January  11.  I  have  shown  in  another  place  (Proceedings  of  the  Society  of  Experi- 
mental Biology  and  Medicine,  igio,  vii,  p.  104)  that  this  has  no  elTcct  on  immediate 
anaphylaxis. 

'4  AuER  and  Lewis:  Lor.  cil.,  p.  162;  also  Biedl  and  Kracs:  Loc.  cit..  p.  386. 

i-'i  For  a  fuller  description  of  the  typical  anaphylactic  lunj;  see  Auer  and  Lewis: 
Loc.  cil.,  p.  1 56. 

'«  The  production  of  this  stenosis  is  shown  in  Fig.  i. 
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fine  wrinkles  (not  well  brought  out  in  the  photograf)h) ;  on  immediate 
moderate  rhythmic  inflation  these  lungs  would  expand  and  collapse 
readily;  in  short,  these  atropin  lungs  look  like  those  which  may  he  seen 
in  any  normal  guinea  |)ig  shortly  after  death  when  the  thorax  is  opened. 
There  is  one  exception,  however,  to  be  noted;    the  right  middle  lobe 

looks  pale  and  distended,  and  this 
lobe  resembles  the  lungs  of  the  con- 
trol animal;  this  lobe  is  fixed  in  a 
more  or  less  inspiratory  condition 
and  contains  a  good  amount  of 
air;  the  significance  of  this  partial 
inspiratory  immobilization  will  be 
considered  in  another  place.  From 
this  description  it  may  readily 
be  seen  that  the  impairment  of 
lung  function  which  horse  serum 
produced  in  the  sensitized  guinea 
pig  had  been  successfully  de- 
creased by  atropin  so  that  it  no 
longer  menaced  the  life  of  the 
animial;  here  atropin  exerted  a 
curative  effect. 

In  the  foregoing  pages  proof  of 
various  kinds  has  been  submitted 
that  atropin  may  prevent  or 
abolish  the  death-producing  in- 
spiratory   iniir.obilization    of     the 


Figure  2.  —  Lunj^s  from  two  guinea  pigs 
of   the   same  lot.     Magnification  about 

.  2  X.  Both  guinea  pigs  were  sensitized 
November  19,  1909,  by  the  subcutaneous 
injection  of  1  c.c.  horse  serum.  On  Jan- 
uary 11,  1910,  the  right  vagus  was  re- 
sected in  the  neck  of  each.  On  January 
24,  1910,  the  animal,  whose  lungs  are 
marked  a  in  the  photograph,  received  3 
mg.  of  atropin  subcutaneously;  fourteen 
minutes  later  the  toxic  dose,  0.3  c.c.  of  a 
10  per  cent  solution  of  heated  ht)rse 
serum,  was  injected  into  the  jugular  vein; 


ten  minutes  later  the  animal  was  killed 

by  section  of  the  medulla.    The  lungs  guinea    pig's    lungs  in   immediate 

were  then  excised  and  photograi)hed  to-  u    i      •         t^i,  •       <-     \ 

,        ...         ,   ,  .     ,  anaphylaxis.      1  here  remains  to  be 

gether  with  those  of  the  control  anmial.  ' 

The  control  (marked  b  in  photograph)  ^hown  that  this  life-saving  acticn 

received  the  same  dosage  of  horse  serum,  of  atropin  OCCUrs  in  a  gOod  perccn- 

but  no  atropin.    It  died  with  typical  ^^^^  ^f  ^he  cases  where  this  drug 

respiratorvsvmptomsw  thin  five  minutes  .  i  i   ,-         i  •  .- 

after  the  injection.  ^^  ^^^^'^1'  '^^^^  ^''^  this  purpose  a  tcw 

tables  will  be  presented. 


Atropin  St.vtistics. 

All  the  guinea  pigs  whose  records  will  form  one  table  belong  to  the 
same  lot  and  are  practically  of  the  same  age  and  weight.     This  holds 
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true  also  of  'ral)lc  I,  vvIumt  the  guinea  pigs  were  sensitized  at  two 
dilTcrent  limes  and  with  dilTerent  amounts  of  serum.  The  course  of 
each  experiment  is  shown  by  the  two  protocols  quoted  on  preceding 
pages.  Atroi^in  was  always  used  in  the  form  of  a  sulphate  and  in  a 
I  per  cent  solution;  when  injected  subcutancously,  it  was  given  in  the 

TABLE   I. 

Animals  si:msitizi:d  Fourtkicn  to  Sixteen  Days.    Average  Weight,  400  Gm. 


No. 


E5 
E4 
E6 
E102 
E  103 
E  104 
E  105 
E  107 
E  108 
E  110 
E  109 


Sensitized. 


Nov.  17,  '09. 

1  cc.  H.S. 

subc. 


March  14 

1  CC.  10% 
H.S.  subc. 


Date  of 
toxic  dose. 


Dec.  3,  '09. 

16  days 


March  28 

14  days 


Atropiii. 


3  mg.  subc. 

None. 
3  mg.  subc. 

None. 

3  mg.  subc.  1}/^ 
mg.  jug.  vein. 

None. 

5  mg.  subc.  1)^ 
mg.  jug.  vein. 

None. 

5  mg.  subc. 
1  mg.  jug. 

None. 

4  mg.  Subc. 
3  mg.  jug. 


To.xic  dose. 


0.6  cc.  heated 

H.S.  jug.  vein. 

((      it      (( 

iC  ((  (( 

0.4  cc.  heated. 
H.S.  jug.  vein 
<(      (<      (( 

0.3  cc  heated 
H.S.  jug.  vein. 
«      «      (( 

((       (<       (( 

0.4  cc  heated 
H.S.  jug.  vein 
((       <(      it 

it         it         a 


Result. 


Slight  symptoms. 
Recovery. 

Death  in  5  min. 

Slight  symptoms. 
Recovery. 

Death  in  4  min. 
Death  in  6  min. 
Death  in  9  min. 

Death  in  75  min. 

Slight  symptoms. 

Recovery. 
Slight  symptoms. 

Recovery. 

Death  in  4  min. 

Good  chest  symp- 
toms. Recovery. 


6  atropin  pigs':  2  died 
5  controls         :  4  died 


=  Death  33%  =  Recovery  66%. 
=  Death  80%  =  Recovery  20%. 


right  upper  abdominal  quadrant  and  eleven  to  fifteen  minutes  allowed 
to  elapse  before  the  injection  of  the  toxic  dose  of  serum.  All  intrave- 
nous injections  were  made  into  a  cannula  ligated  in  the  external  jugu- 
lar vein,  the  injection  of  atropin  or  serum  being  followed  by  i  cc.  of 
saline  or  Ringer  solution  to  wash  out  the  cannula.  The  horse  serum 
employed  was  almost  always  heated  to  55°  for  thirty-five  minutes  to 
reduce  its  toxicity,  and  the  dose  was  about  the  minimal  lethal  dose. 
The  slight  operation  required  for  this  work  was  done  under  primary 
ether  anaesthesia  as  a  rule,  and  about  five  minutes  were  allowed  to 
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TABLE   II. 
Animals  sensitized  Twenty-one  to  Twenty-seven  Days.    Average  Weight,  3()i)  Cm, 


No. 


D  131 
D  132 
D  133 
D  134 
D  135 
D136 
D138 
D  137 
D  139 
D  140 
D  141 
D143 
D142 
D  144 
D  145 
D146 
D  148 
D  147 
D149 
D150 
D151 
D154 
D155 


Sensitized. 


Date  of 
tox.  dose 


Oct.  1,  1909. 

l.c.c.  H.S. 
subc. 


Oct.  22, 

21  days 


24  days 


25  days 


A  tropin. 


1  mg.  subc. 
1  mg.  subc. 
3  mg.  subc. 
3  mg.  subc. 
3  mg.  subc. 
3  mg.  subc. 
3  mg.  subc. 


Toxic  dose. 


0.5  c.c. 
heated  H.S 
jug.  vein 


26  days 


27  days 


3  mg.  subc. 
3  mg.  subc. 
3  mg.  subc. 
3  mg.  subc. 


Result. 


0.4c. cheated 

jug.  vein 

((       (( 

0.5  c.c.  heated 
H.S.j.v. 


Death  in  5  min. 

No  chest  symptoms.    Recovery. 

Mod.  chest  symptoms.     Recov- 
ery. 

Death  in  4  min. 
Death  in  4  min. 

Slight  symptoms.     Recovery. 

IModerate  symptoms.  Died  dur- 
ing night. 

SHght  respiratory  symptoms. 
Recovery 

Death  in  4  min. 

No  symptoms.  Recovery.  Lively 

next  day. 
Good     respiratory     symptoms. 

Recovery. 
No  symptoms  (resp.)  during  11 

min.    Killed  to  study  lungs. 

Died  in  4  min. 

Slight     respiratory     symptoms 

after  14  min.    Killed  to  study 

lung. 
Death  in  5  min. 

Death  in  4  min. 

Death  in  22  min.     Very  sick, 
but  only  mod.  resp.  symptoms. 

Death  in  6  min. 

Very  slight  respiratory  symp- 
toms.    Recovery. 

Death  in  5  min. 

Very  slight  resp'y  symptoms  after 
9  min.    Killed  to  study  lungs. 

Death  in  5  min. 

No  respiratory  symptoms  during 
15  min.   Killed  to  study  lungs. 


11  atropin  pigs  :  2  died  =  Death  18%  =  Recovery  82%. 

12  controls         :  9  died  =  Death  75%  =  Recovery  25%. 
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pass  after  sloppa<j;c  of  the  other  to  permit  full  recovery  from  the  effects 
of  the  ana'stheti(\  'Hie  loss  of  heat,  which  occurs  swiftly  in  such  a 
small  animal  as  the  ;.^uinea  pig  when  it  is  stretched  out  at  full  length, 

TABLE  III. 

Animals  sensitized  Two  Hundred  and  Twenty-four  to  Two  Hundred  and  Twenty- 
six  Days.    Average  Weight,  700  Gm. 


No. 


Fll 
F  13 
F  14 
F  12 
F  16 
F  19 
F21 
F  17 
F24 
F22 
F23 
F26 
F27 
F30 
F28 


Sensitized. 


Nov.  17,  1909. 

1  c.c.  U.S. 
subc. 


Date  of 
tox.  dose. 


June  29,  'lO- 

224  days 


A  tropin. 


225  days 

(( 

(I 

(( 

(I 

u 

a 

(< 

ii 

(( 

(( 

l( 

n 

226 

days 

a 

(C 

<( 

(I 

C( 

a 

3  mg.  subc. 
1  mg.  j.  V. 

3  mg.  subc. 

2  mg.  j.  V. 
1  mg.  j.  V. 

3  mg.  j.  V. 

1  mg.  j.  V. 

3  mg.  subc. 

4  mg.  j.  V. 
(4  doses.) 

2  mg.  j.  V. 

1  mg.  j.  V. 

2  mg.  j.  V. 


2  mg.  j.  V. 


2  mg.  j.  V. 
1  mg.  j.  V. 


Toxic  do.sc. 


Results. 


0.3  c.c. 
h'd  H.S 

10% 

.  j.  V. 

(( 

a 

(< 

C( 

(( 

<( 

0.5  c.c. 
h'dH.S 

10% 

.j.  V. 

<( 

(( 

(( 

a 

(< 

(( 

<( 

(< 

<< 

11 

(( 

ic 

(( 

(< 

<( 

(I 

(( 

li 

11 

(( 

Death  in  7  min. 

Slight  respiratory  symptoms. 
Recovery. 

Moderate  respiratory  symptoms, 
Death  in  3  min. 

Death  in  6  min. 

SHght  resp.  symptoms.     Recov- 
ery. 

Death  in  13  min. 

Death  in  14  min. 

Moderate  resp.  symptoms.    Re- 
covery. 

Death  in  2  min. 

No  resp.  symptoms.     Lively 
next  day. 

Death  in  3  min. 

Very  slight  symptoms.     Recov- 
ery.     Lively  next  day. 

Death  in  4  min. 

Mod.  resp.  symptoms.     Recov- 
ery. 


8  atropin  pigs  :  3  dead  =  Death  38%  =  Recoveries  62%. 
7  controls         :  5  dead  =  Death  71%  =  Recoveries  29%. 


was  prevented  by  placing  the  animal  on  an  electric  heating  pad.  It 
will  be  noted  that  for  practically  every  atropin  experiment  there  is  a 
control  experiment. 

Whenever  *' recovery"  is  noted  in  the  protocols  it  means  that  the 
animal  was  observed  at  least  two  days  after  the  experiment. 
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Four  atropin  animal^  which  showed  practically  no  respiratory 
symptoms  were  killed  after  nine  to  fourteen  minutes  in  order  to  study 
their  lungs.  As  the  controls  usually  died  within  five  minutes  showing 
marked  respiratory  involvement,  these  four  animals  are  classed  as 
recoveries. 

Discussion. 

From  the  preceding  tables  it  will  be  seen  that  atropin  exerts  a  clear- 
cut  prophylactic  eflect  in  a  very  acute  type  of  serum  anaphylaxis 
which  Lewis  and  I  have  termed  immediate  anaphylaxis.  Out  of 
twenty-five  guinea  pigs  which  had  been  sensitized  from  fourteen  to 
two  hundred  and  twenty-six  days,  atropin  saved  eighteen,  or  72  per 
cent,  while  out  of  twenty-four  guinea  pigs  which  served  as  controls 
for  the  atropin  series,  only  six  survived,  or  25  per  cent.  Stated  other- 
wise, the  death  rate  in  the  atropin  series  was  38  per  cent,  while  in  the 
control  series  it  was  75  per  cent.  These  results  substantiate  well  the 
statement  made  in  our  preliminary  report. ^^ 

Since  this  preliminary  report  first  appeared,  the  effect  of  atropin  in 
serum  anaphylaxis  was  tested  by  Anderson  and  Schultz  ^^  and  by 
Biedl  and  Kraus.^^  Anderson  and  Schultz  succeeded  in  saving  only 
about  28  per  cent  of  their  animals  (4  out  of  14)  by  the  use  of  atropin. 
These  observers  used  young  guinea  pigs  weighing  about  300  gm.  after 
they  had  been  sensitized  by  an  intra-orbital  injection  of  o.oi  c.c.  of 
horse  scrum  for  twenty-one  to  thirty  days.  The  toxic  dose  was  0.5  c.c. 
of  the  same  serum  injected  intravenously.  Atropin  was  given  "usually 
intraperitoneal^  "  in  3  mg.  doses.  They  do  not  state  how  much  time 
was  allowed  to  elapse  between  the  injection  of  the  atropin  and  the 
administration  of  the  toxic  dose  of  serum.  This  latter  point  is  of  im- 
portance because  the  effect  of  atropin  on  the  lungs  is  by  no  means  per- 
manent. There  is  a  certain  optimum  time  for  the  injection  of  the 
toxic  dose  after  atropin  has  been  given,  and  we  may  with  justice  assume 
that  this  is  apparently  when  the  balance  between  the  absorption  and 
excretion  of  the  drug  is  such  that  its  concentration  in  the  blood  is 

^'  AuER  and  Lewis:  Journal  of  the  American  Medical  Association,  1909,  viii, 
p.  458. 

'*  Anderson  and  Schultz:  Proceedings  of  the  Society  for  Experimental  Biol- 
ogy and  Medicine,  1909,  vii,  p.  35. 

'8  Biedl  and  Kraus:  Wiener  klinische  Wochenschrift,  1910.  xxiii,  p.  387. 
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pjroalcst .  This  lime  naturally  will  vary  with  the  mode  of  administration 
of  the  alkaloid.  As  T  lia\-e  no  experiena?  of  my  own  with  the  j)ro[)hylac- 
tic  elTeet  of  alroi)in  when  given  intraperitoneally,  it  would  he  useless 
for  mc  to  s])cculate  on  the  causes  for  the  meagre  yield  of  therapeutic 
results  in  the  hands  of  Anderson  and  Schultz. 

The  other  observers  who  used  atropin  were  Biedl  and  Kraus.  They 
injected  the  drug  intravenously  in  guinea  pigs,  the  doses  varying  from 
I  to  10  mg.,  and  were  successful  in  abolishing  the  anaphylactic  immo- 
bility of  the  lung.  They  also  found  that  5  mg.  given  prophylactically 
prevented  the  appearance  of  lung  symptoms,  but  these  investigators 
apparently  have  not  tested  what  percentage  of  success  they  could 
obtain  in  the  attempt  to  save  sensitized  guinea  pigs  from  the  fatal 
cfTcct  of  serum  when  injected  the  second  time. 

Mode  of  administration  of  atropin. —  In  earlier  work  atropin  was 
always  given  subcutaneously  some  ten  minutes  before  the  toxic 
dose  of  serum.  This  mode  of  incorporating  the  drug  has  the  draw^- 
back  that  there  is  no  definite  knowledge  when  the  lung  is  most  under 
the  influence  of  the  alkaloid,  for  it  is  impossible  to  tell  in  the  ordinary 
experimental  test  when  the  ratio  between  absorption  of  the  alkaloid 
and  its  excretion  has  reached  that  point  where  the  blood  contains 
most  of  the  substance.  This  problem  is  still  further  complicated  by 
the  fact  that  the  "subcutaneous"  injections  are  often  partially  intra- 
dermal or  intramuscular,  combinations  which  vitally  affect  the  rate 
of  absorption.  Now,  since  the  role  of  atropin  and  toxic  dose  of  serum 
is  that  of  antagonists,  at  least  as  far  as  the  bronchial  muscles  are  con- 
cerned,"" it  is  obvious  that  the  most  favorable  time  for  injection  of  the 
toxic  dose  is  when  the  blood  contains  most  of  the  atropin.  For  this 
reason  I  have  lately  used  the  intravenous  route  for  the  injection  of  the 
prophylactic  dose  of  atropin.  As  a  rule  2  mg.  of  the  drug  in  a  i  per 
cent  solution  is  injected  into  the  external  jugular  vein  and  the  cannula 
washed  out  by  i  c.c.  of  Ringer  solution.  Now  after  the  lapse  of  ten  to 
fifteen  seconds  the  toxic  dose  of  horse  serum  is  injected  also  intra- 
venously. Done  in  this  fashion,  the  experimenter  is  certain  that  the 
maximum  amount  of  the  atropin  swiftly  comes  within  striking  dis- 

20  I  have  demonstrated  recently  that  the  bronchial  muscles  themselves  are  sen- 
sitized (Proceedings  of  the  Society  for  Experimental  Biology  and  Medicine,  19 10, 
vii,  p.  104),  and  that  atropin  paralyzes  the  bronchial  muscles  and  not  only  the 
nerve  endings  (Journal  of  experimental  medicine,  19 10,  xii,  No.  5). 
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tance  of  the  bronchial  muscles,  and  moreover  he  is  fairly  sure  of  the 
time  when  this  occurs.  Another  advantage  of  this  method  is  that  fur- 
ther injections  of  atropin  may  swiftly  be  sent  to  the  bronchial  muscles, 
if  the  animal  shows  the  characteristic  chest  signs  that  the  toxic  dose  of 
serum  is  gaining  the  upper  hand.  Care  must,  however,  be  exercised 
not  to  send  in  too  much  atropin,  for  an  excess  of  this  drug  will  paralyze 
the  respiratory  centre.  I  feel  certain  that  in  a  number  of  cases  I  gave 
too  much  atropin,  and  thus  aided  in  killing  the  animal  when  I  was 
attempting  to  save  it.  The  drug  also  should  not  be  injected  too  swiftly 
nor  in  too  concentrated  a  form. 

Toxic  dose.  —  In  order  to  demonstrate  the  prophylactic  effect  of 
atropin  in  immediate  anaphylaxis,  I  have  always  attempted  to  use  the 
minimal  lethal  dose  of  horse  serum  for  the  second  or  toxic  injection. 
This  was  done  so  that  the  effect  of  atropin  could  be  observed  most 
clearly  with  the  smallest  dose  of  the  drug.  I  have  made  no  attempt  so 
far  to  establish  how  many  lethal  doses  of  horse  serum  a  sensitized 
guinea  pig  will  stand  with  the  aid  of  atropin.  During  the  course  of 
these  experiments  it  was  soon  found  that  the  minimal  lethal  dose  of 
the  serum,  which  was  estabhshed  practically  every  time  that  a  batch  of 
experiments  was  carried  out,  showed  at  first  a  shifting  in  value  with 
increasing  length  of  sensitization.  For  example,  some  guinea  pigs, 
sensitized  on  November  17,  1909,  by  the  subcutaneous  injection  of 
I  c.c.  of  horse  serum,  wxre  tested  on  December  3  (sixteen  days),  when 
0.6  c.c.  heated  horse  serum  injected  into  the  jugular  vein  killed  within 
five  minutes;  0.4  c.c.  of  the  same  serum  gave  only  slight  respiratory 
symptoms  in  another  animal.  On  January  24,  1910  (sixty-eight  days), 
another  test  was  made:  0.2,  o.i,  0.04  c.c.  heated  horse  serum,  all  killed 
the  guinea  pigs  within  five  minutes  when  injected  intravenously; 
0.02  c.c.  caused  powerful  respiratory  symptoms  from  which  the  animal 
recovered.  On  June  30,  19 10,  two  hundred  and  twenty-five  days  after 
sensitization,  it  was  found  that  the  sensitiveness  of  the  animal  was 
practically  the  same  as  after  sixty-eight  days:  0.05  c.c.  usually  killed 
within  five  minutes.  From  these  data  it  will  be  seen  that  the  sensi- 
tiveness of  the  injected  guinea  pigs  increased  until  the  maximum  was 
reached  on  or  before  sixty-eight  days,  when  one  fifteenth  of  that  dose 
killed  which  was  necessary  sixteen  days  after  sensitization;  and  this 
level  was  found  maintained  two  hundred  and  twenty-hve  days  after 
sensitization.    These  facts  support  and  supplement  respectively  some 
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stnliMiu'iits  l)y  Lewis'-'  aiul  \)\  Rosciuiu  iind  Andcrson.''^^  Lewis  found 
llial  the  niaxiiiiiiiii  of  lixpersensitivcncss,  when  tested  by  the  subcuta- 
neous metliod  of  introducing  the  toxic  dose,  was  reached  in  about 
three  or  four  weeks.  Unfortunately  I  made  no  tests  between  the  six- 
teentli  and  the  sixty-eighth  day,  and  it  is  very  well  possible  that  this 
niaxinuini  occurs  well  ahead  of  the  latter  time.  Rosenau  and  Anderson 
tested  animals  after  intervals  of  more  than  seven  hundred  and  one 
thousand  days  and  found  the  animals  still  extremely  sensitive.  These 
authors,  however,  injected  about  6  c.c.  of  the  horse  serum  intraperi- 
toneally  for  the  toxic  dose  and  their  results  have  therefore  only  a  quali- 
tative value.  The  results  I  described  briefly  above  show  that  there  is 
practically  no  quantitative  fluctuation  in  the  amount  of  the  killing 
dose  of  horse  serum  for  at  least  twenty-three  weeks  after  the  maximum 
sensitization  level  has  been  reached. 

Action  of  atropin  in  immediate  anaphylaxis.  —  This  phase  of  the 
problem  need  not  be  considered  here  in  connection  with  the  present 
study,  for  it  has  been  reported  in  another  place.^^  It  will  be  sufficient 
to  state  that  proof  has  been  advanced  that  in  anaphylaxis  the  bronchial 
muscles  themselves  are  sensitized  by  horse  serum  and  that  atropin  in 
proper  dosage  is  able  to  paralyze  the  denervated  bronchial  muscula- 
ture. I  was  unable  to  find  any  evidence  for  any  role  which  the  vagus 
broncho-motor  endings  might  play  in  immediate  anaphylaxis. 


Summary. 

A  prophylactic  injection  of  atropin  sulphate  in  guinea  pigs  sensi- 
tized by  the  subcutaneous  injection  of  horse  serum  saved  eighteen  out 
of  twenty-five  from  the  lethal  effect  of  the  toxic  injection;  while  out 
of  twenty-four  adequate  controls  only  six  survived.  Stated  other- 
wise: The  death-rate  with  atropin  was  28  per  cent;  without  atropin 
it  was  75  per  cent.  These  figures  show  the  distinct  therapeutic  utility 
of  atropin  in  immediate  anaphylaxis. 

2^  Lewis:  Journal  of  experimental  medicine,  1908,  x,  p.  6. 

22  Rosenau  and  Anderson:  Hygienic  laboratory  bulletin,  No.  45,  1908,  p.  57, 
and  No.  50,  1909,  p.  47. 

-^  Ai'kk:  rrocccdings  of  the  Society  for  Experimental  Biology  and  Medicine, 
1910,  vii,  p.  104;  Auer:  second  communication,  Journal  of  experimental  medi- 
cine, 1910,  xii,  No,  5. 
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Guinea  pigs  sensitized  by  the  subcutiineous  injection  of  one  (jr  two 
cubic  centimetres  of  horse  serum,  reach  their  maximum  sensitiveness 
on  or  before  the  ninth  week,  and  this  sensitiveness,  tested  by  intrave- 
nous injection  of  the  toxic  dose,  is  then  practically  quantitatively  main- 
tained for  at  least  twenty- three  weeks  (the  longest  interval  tested). 
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Nezv   York.) 

Plates  LHI  and  LIV. 
INTRODUCTION. 

Yaws  or  frambesia  has  always  been  of  particular  interest  on 
account  of  its  possible  relation  to  syphilis,  and  since  the  discovery 
of  its  cause  it  has  been  studied  with  renewed  activity.  The  dis- 
covery of  Treponema  pertenui,  by  Castellani  (i)  in  1905,  was  a 
direct  sequel  to  Schaudinn's  work  on  syphilis,  and  both  Schaudinn 
and  Castellani  considered  the  organisms  of  the  two  diseases  mor- 
phologically identical.  More  recently,  minute  differences  in  form 
have  been  pointed  out  by  Prowazek  (2)  and  Russell  (3);  but 
whether  or  not  they  are  to  be  accepted  as  sufficient  for  differentia- 
tion, there  is  no  doubt,  on  the  basis  of  immunity  experiments  on 
monkeys  (4)  and  man  (5),  that  the  two  diseases  are  distinct.  In 
Castellani's  words,  "Yaws  is  not  syphilis  any  more  than  leprosy  is 
tuberculosis." 

In  the  recent  study  of  syphilis,  a  great  advance  has  been  made  by 
Parodi  (6)  and  Uhlenhuth  and  Mulzer  (7),  who  have  demon- 
strated the  possibility  of  producing  a  syphiloma  in  the  testicle  of  the 
rabbit.  As  Uhlenhuth  and  Mulzer  say,  this  lesion  gives  us  a  con- 
venient and  rich  source  of  spirochetae,  in  pure  culture,  with  which 
cultivation  and  immunity  experiments  can  be  carried  out. 

Several  months  ago,  I  undertook  some  work  on  syphilis  in  the 
rabbit's  testicle  and,  as  a  case  of  yaws  was  under  my  observation 

*  Read  (by  invitation)  at  the  annual  meeting  of  the  American  Society  of 
Pathologists  and  Bacteriologists,  Washington,  D.  C,  May  5,  1910.  Received  for 
publication  June   i,   1910. 
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at  the  time.  I  thoui^iit  it  wortli  while  to  attempt  to  infect  ral)hits 
with  the  sj)ir()eliet.'e  of  \a\\s  as  well  as  with  those  of  s\']jhilis.  Hiis 
attempt  has  heen  success  fill  and  I  have  been  able  to  observe  a  par- 
allel series  of  infections. 

The  spirochetne  of  }aws  came  from  a  colored  soldier  returning 
from  the  IMiilippines  ((S).  This  soldier,  forty  years  of  age,  had  a 
well-marked  case  of  yaws  consisting  of  three  separate  general  erup- 
tions and  marked  joint  symptoms.  Spirochetal  in  small  numbers 
were  found  in  the  serum  from  the  yaws  on  two  occasions  with  the 
dark  field  microscope  (Plate  LIII,  Fig.  i). 

EXPERIMENTS. 

On  Dec.  17,  1909,  a  monkey  (Macacus  rhesus  i)  was  inoculated  by  rubbing 
an  excised  piece  of  a  yaw  into  an  abraded  surface  of  the  right  eyebrow.  The 
abrasion  healed  completely  in  a  few  days.  On  Jan.  7,  1910,  24  days  after  inocula- 
tion, a  red  and  slightly  scaly  patch  was  noticed  on  the  right  eyebrow,  and  in  a 
few  days  a  well-marked  red  and  edematous  ridge  of  tissue  developed.  Spiro- 
chet?e  in  small  numbers  were  repeatedly  found  in  fluid  expressed  from  this 
lesion.  The  growth  invaded  the  upper  eyelid,  ulcerated,  and  on  Feb.  2  showed 
a  typical  yellow  crust  formed  by  the  rich  serous  discharge  from  fungoid  granu- 
lations (Plate  LIV,  Fig.  2). 

Three  rabbits  were  inoculated  in  tlie  testicle  with  serum  from  the  lesion  in  the 
monkey.  All  became  infected  as  follows :  Jan.  27,  the  unbroken  surface  of  the 
edge  of  the  monkey's  yaw  was  slightly  abraded,  a  drop  of  clear  serum  was 
expressed,  taken  up  in  a  capillary  pipette  and  expelled  by  air  pressure  into  the 
substance  of  the  right  testicle  of  a  large  white  rabbit,  A.  Weekly  examinations 
were  made  and  no  change  was  noticed  until  Feb.  24,  28  days  after  inoculation, 
when  the  right  testicle  was  found  uniformly  increased  in  size  so  that  it  could 
not  be  retracted ;  it  was  firm  throughout  but  more  resistant  at  the  upper  part. 
On  Feb.  25,  the  resistant  area  was  punctured  with  a  sterile  capillary  pipette 
and  a  drop  of  clear  gray  fluid  obtained  which,  under  the  dark  field  microscope, 
showed  a  great  number  of  long  active  spirochetse  of  the  pertenuis  or  pallida 
type.  The  second  rabbit,  A\  inoculated  in  the  same  way,  showed  an  enlarged 
testicle  containing  a  small  round  nodule  rich  in  spirochetse  after  43  days.  The 
third  rabbit,  C,  became  infected  after  52  days. 

With  material  from  the  first  rabl)it.  A,  the  disease  was  reproduced  in  the 
monkey  and  continued  in  a  second  generation  in  rabbits. 

March   9,    a  drop   of   serum    from   the   testicle   of   Rabbit   A,    rich    in    spiro 
chetae,  was  rubbed  into  the  eyebrow  of  a  monkey   (Macacus  rhesus  2).     In   16 
days  a  red  papular  area  appeared  and  soon  became  markedly  elevated,  edema- 
tous and  slightly  scaly.     Spirochete  were  readily  found  in  the  expressed  fluid. 

Feb.  25,  8  rabbits  were  inoculated  with  fluid  from  the  testicle  of  Rabbit  A; 
3  with  undiluted  fluid  and  5  with  fluid  diluted  with  3  parts  of  salt  solution. 
One  of  the  5  died  after  14  days  of  rabbit  septicemia,  and  there  was  no  change 
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in  the  testicle  and  no  spiroclietae  were  found.  Two  of  the  rabbits  inoculated  with 
undihited  tiuid  developed  lesions  rich  in  organisms  32  and  42  days  after  inocu- 
lation. One  of  the  4  remaining  showed  an  infection  after  52  days.  All  these 
rabbits  were  undersized  and  gray  or  brown. 

For  the  third  generation  larger  animals  were  selected.  March  29,  2  large 
white  rabbits  were  inoculated  in  the  right  testicle  by  syringe  with  about  .5  c.c.  of 
a  mixture  of  about  3  parts  of  salt  solution  and  one  part  of  fluid  from  a  nodule 
in  the  testicle  of  Rabbit  7  (second  generation).  April  18,  after  20  days,  one 
showed  an  enlarged  testicle  with  a  distinct  nodule  very  rich  in  active  spirochetal 
April  22,  after  24  days,  the  other  showed  the  same.  March  31,  Rabbit  7,  of  the 
second  generation,  was  castrated  under  ether  anesthesia;  a  white  edematous 
tumor  was  found  occupying  the  middle  of  the  testicle.  Small  pieces  of  this 
tumor  were  introduced  in  the  testicles  of  4  large  brown  rabbits  with  a  trochar 
and  canula ;  on  April  22,  after  22  days,  Rabbit  14  showed  a  definite  nodule  rich 
in  spirochetae.  Two  other  animals,  Nos.  15  and  17,  showed  lesions  after  36  and 
22  days. 

Thus  the  spirochet?e  of  yaws  have  heen  transferred  from  man  to 
the  monkey  and  from  the  monkey  through  three  generations  in 
rabbits.  Eight  out  of  sixteen  rabbits  used  in  this  series  have  become 
infected.  The  incubation  period  averaged  forty-one  days  in  the 
first  generation,  forty  and  a  half  days  in  the  second  generation  and 
twenty-four  and  eight-tenths  days  in  the  third  generation,  thus 
showing  a  shortening  of  sixteen  days  in  the  third  passage.  The 
series  is  being  continued  and,  by  using  care  in  the  selection  of 
animals,  can  probably  be  continued  indefinitely.  Large  animals  are 
more  suitable  than  small  and  in  case  of  both  syphilis  and  yaws  the 
order  of  susceptibility  seems  to  be  white,  gray,  brown  and  black. 
I  do  not  know  yet  which  is  the  best  medium  for  transfer,  undiluted 
serum,  salt  solution,  citrate  solution  or  the  bits  of  tissue:  all  have 
been  successful.  Inoculation  in  the  anterior  chamber  of  the  eye 
has  as  yet  failed  of  results.  In  tapping  the  testicle,  if  the  point  of 
a  moderately  strong  capillary  pipette  is  guided  into  the  nodule, 
spirochetse,  in  pure  culture,  can  be  obtained  in  myriads;  in  the 
testicle  away  from  the  nodule  they  are  found  in  small  numbers. 
They  are  readily  stained  by  Giemsa's  method  (Plate  LIV,  Fig.  3). 
The  dark  field  microscope  is  almost  indispensable  in  handling  a 
large  number  of  animals.  Swelling  of  the  testicle  and  edema  of  the 
tunica  vaginalis  may  result  from  frequent  tappings,  but  no  mixed 
infections  of  the  testicles  have  occurred.  The  general  health  of 
the  rabbits  does  not  seem  to  suffer. 
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The  l.rsii)}!  of  ]'n:cs  in  the  luihhil's  l\'sficlc. — Tlirce  rabbits 
were  castrated,, under  ether,  tliirty-four,  forty-ei^dit  and  sixty  days 
after  inoculation  and  the  tissue  used  for  histological  study.  Jf  the 
testicle  is  examined  soon  after  a  nodule  is  i)ali)able,  the  nodule  is 
found  to  be  a  whitish  edematous  tumor  fairly  well  differentiated 
from  the  rest  of  the  testicle  which  appears  normal.  On  incision, 
the  edges  of  the  growth  roll  back  and  a  good  deal  of  serum  escapes. 
The  tissue  appears  homogeneous.  Sections  show  a  picture  of  an 
interstitial  orchitis;  the  tubules  are  small,  disintegrating  or  replaced 
by  an  edematous  connective  tissue  containing  an  infiltration  of 
small  round  and  endothelial  cells.  New  polymorphonuclear  cells 
are  seen.  In  sections  stained  by  Levaditi's  method  spirochetae  are 
found  in  large  numbers  in  and  around  the  tubules  and  in  the  inter- 
stices of  the  connective  tissue  (Plate  LIV,  Fig.  4).  In  the  testicles 
examined  after  forty-eight  days  the  infiltrating  cells  had  for  the 
most  part  disappeared  and  after  sixty  days  the  connective  tissue 
was  more  fully  organized  and  no  spirochetse  were  found.  Repeated 
tapping  of  these  testicles  may  have  somewdiat  changed  the  natural 
history  of  the  lesions  but  apparently  the  lesion  resolves  in  time, 
leaving  an  atrophied  organ. 

Serum  Reactions. — The  complement  fixation  reaction  has  been 
tried  on  the  yaws  rabbits  and  has  been  positive  in  several  cases. 

.1  c.c.  of  serum  heated  at  56°  C.  for  15  minutes,  acetone  insoluble  liver 
extract  as  antigen,  and  the  human  corpuscle  and  rabbit  serum  hemolytic  system 
were  used. 

White  Rabbit  No.  6,  second  generation.  Feb.  25,  inoculated  with  undiluted 
serum  from  Rabbit  A.  March  i,  serum  negative ;  April  8,  nodule  palpable  (42 
days),  spirochetse  present;  April  9,  serum  negative;  April  19,  serum  positive 
(53  days). 

In  the  second  case  a  positive  reaction  led  to  a  reexamination  and  the  finding 
of  spirochetae. 

Gray  Rabbit  No.  3.  Feb.  25,  inoculated  with  diluted  serum  from  Rabbit  A. 
Serum  negative;  April  18.  testicle  increased  in  size;  no  definite  nodule  (52 
days);  April  19,  spirochetae  not  found  in  one  slide  with  dark  field  microscope: 
April  20,  serum  taken  on  April  19,  positive,  April  21,  spirochetae  found  (55  days). 

The  patient's  blood  was  negative  on  four  examinations,  Novem- 
ber 20,  December  14,  February  23  and  March  15,  after  the  second 
and  third  eruptions  and  after  treatment  with  potassium  iodide. 
Both  monkeys  have  failed  as  yet  to  give  the  reaction.     There  are 
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two  examples  of  the  reaction  in  yaws  on  record,  in  both  of  which 
it  was  positive.  Bruck  (9)  gives  the  case  of  a  thirty-year-old 
Malayan  who  had  yaws  five  years  before.  Hoffman  (10)  records 
a  case  of  a  native  of  Suaheliland  with  a  positive  reaction  at  the 
time  of  the  eruption.  The  diagnosis  was  doubted  by  Ziemann.  If, 
as  seems  probable,  this  reaction  is  not  a  specific  immunity  reaction, 
but  rather  a  result  of  the  breaking  down  of  certain  kinds  of  tissue, 
a  good  deal  may  possibly  be  learned  from  the  study  of  the  reaction 
in  closed  lesions  in  such  a  specialized  organ  as  the  testicle. 

Syphilis  in  the  Rabbit's  Testicle. — A  comparison  of  yaws  with 
syphilis  in  the  rabbit  brings  out  several  points  of  importance.  Jan- 
uary 27,  a  patient  with  mucous  patches  of  the  mouth  and  anus, 
untreated  for  three  months,  and  with  a  clear  history  of  a  primary 
sore  and  a  secondary  eruption,  was  secured  through  the  kindness 
of  Dr.  Seay.  A  patch  on  the  lower  lip  was  cleaned,  aspirated  with 
a  suction  apparatus  and  a  few  drops  of  serum  containing  numerous 
spirochetal  was  injected  with  a  capillary  pipette  into  the  left  testicle 
of  five  large  rabbits. 

Feb.  28,  testicle  of  Rabbit  E  enlarged;  cannot  be  retracted;  nodule  felt; 
spirochetse  numerous   (32  days). 

Two  other  rabbits  showed  infection  after  35  and  56  days. 

Jan.  31,  5  rabbits  inoculated  from  mucous  patch;  2  were  infected  after  4^ 
and  64  days.  One  of  these  rabbits  is  especially  interesting  as  the  infection 
travelled  over  to  the  uninoculated  testicle  and  the  Wassermann  reaction  ap- 
peared, disappeared  and  reappeared. 

Jan.  31,  large  gray  rabbit,  G,  inoculated  right  testicle  from  mucous  patch; 
March  17,  nodule  felt  in  epididymis  (46  days);  March  18,  spirochet?e  present; 
March  19,  castrated,  circumscribed  syphiloma  size  of  an  olive  involving  epididymis 
and  testicle.  March  29,  serum  positive,  .50  and  .15  c.c. ;  March  30,  left  testicle 
slightly  enlarged,  punctured,  spirochetae  not  found.  April  4,  serum  negative. 
I  c.c. ;  April  8,  left  testicle  punctured,  spirochetse  not  found ;  April  9,  serum 
negative,  .1  c.c;  April  11,  left  testicle  punctured,  spirochetae  not  found;  April 
15,  left  testicle:  small  nodule,  spirochetre  not  found;  serum  positive,  .1  c.c,  29 
days  after  appearance  of  lesion  in  inoculated  testicle.  April  22,  left  testicle; 
definite  nodule  in   epididymis,  spirochctcc  plentiful. 

The  route  of  infection  in  this  case  was  probably  by  the  lymphatics, 
but  may  have  been  by  the  blood,  as  Truffi  (11)  has  recorded  an 
infection  of  the  anterior  chamber  of  the  eye  following  an  inocula- 
tion of  the  scrotum.  One  of  the  yaws  rabbits  has  also  shown  this 
migration  of  spirochetse  to  the  opposite  testicle;  the  lesion  devel- 
oped thirty  days  after  castration  of  the  inoculated  testicle. 
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Trrpojiriiiii  /'(illiditiii  lias  also  been  carrird  llirou^h  a  second  and 
lliird  L;cncrali()n  in  rabbits. 

M;ircli  <>,  Krt'y  rrihliit,  Q,  inoculated  left  testicle,  with  scrum  from  testicle 
of  Rabbit  K  (I'lrst  generation)  ;  April  14,  nodule  in  testicle  (36  days);  April  15, 
spiroclu't.e  present,  April  15,  serum  i)ositive,  .1  c.c. ;  March  8,  white  rabbit,  L, 
inoculated  with  serum  frt)m  testicle  of  Rabbit  G  (first  generation)  in  2  per  cent, 
citrate  solution;  April  15,  testicle  enlarged,  nodule,  spirochetae  present  (31  days)  ; 
serum  negative. 

One  Other  rabbit  of  this  ^^^eneration  became  infected  after  forty- 
three  days;  three  rabbits  failed  to  take  the  infection. 

Three  rabbits  of  the  third  generation  have  become  infected  with 
an  average  incubation  period  of  twenty-four  days.  The  fourth 
generation  is  under  observation.  The  average  incubation  period 
for  the  first  generation  was  forty-four  days,  and  for  the  second 
generation  thirty  and  seven-tenths  days. 

Treponema  pallidum  transferred  from  the  Rabbit  to  the  Monkey. — March 
9,  monkey  {Macaciis  rhesus  3)  :  left  eyebrow  abraded  and  serum  from  testicle 
of  Rabbit  E  rubbed  in;  spirochetae  present,  first  generation  in  rabbit  from 
mucous  patch. 

April  5,  slightly  red  area  on  left  eyebrow;  April  6,  lesion  very  scaly,  spiro- 
chetae  present  (28  days)  ;  April  11,  fiat  red  area  covered  with  fine  scales;  April 
21,  serum  negative. 

COMPARISON    OF    THE    LESIONS. 

The  difference  in  the  lesion  of  syphiHs  and  yaws  in  the  monkey 
seems  to  be  the  surest  way  to  differentiate  the  organisms.  In  yaws 
the  incubation  period  is  two  to  three  weeks,  the  lesion  is  elevated, 
slightly  scaly,  and  very  edematous ;  in  syphilis  the  incubation  period 
is  about  four  weeks,  the  lesion  is  flat,  dry  and  very  scaly.  Accord- 
ing to  Prowazek  and  Russell,  Treponema  pertenui  is  slightly  thicker 
than  Treponema  pallidum,  less  rigid,  less  regular  in  its  twists. 
With  an  abundance  of  material  at  hand,  comparative  observations 
have  been  made  with  the  dark  field  microscope.  Treponema  pal- 
lidum seems  quite  constantly  to  show  more  active  corkscrew  motion; 
the  twists  seem  more  regular  and  not  so  sharp  and  deep;  but  occa- 
sionally an  unknown  specimen  has  been  classified  wrongly  on  these 
points  and  no  other  differences  seem  more  reliable.  The  lesion  in 
the  rabbit  seems  to  differ  only  in  degree;  the  nodules  in  syphilis 
seem  larger  and  have  a  necrotic  center;  histologically,  there  is 
evidence  of  a  more  active  inflammation. 


623  Experimental  Yaws  in  the  Monkey  and  Rahhit. 

SUMMARY. 

1.  Rabbits  can  be  infected  in  the  testicle  with  the  spirochetae  of 
yaws  as  well  as  with  those  of  syphilis  and  the  infection  can  be  con- 
tinued through  successive  generations  in  pure  culture. 

2.  The  infection  shows  itself  by  enlargement  of  the  testicle  and 
the  presence  of  a  nodule  varying  in  size  from  that  of  a  pea  to  that 
of  an  olive.  The  infection  consists  in  a  necrosis  of  the  tubules,  an 
infiltration  of  round  cells  and  the  new  formation  of  an  edematous 
connective  tissue. 

3.  The  complement  fixation  reaction  occurs  in  rabbits  infected 
with  the  spirochetae  of  yaws  as  well  as  in  tliose  infected  with  the 
spirochetae  of  syphilis. 

4.  This  lesion  makes  possible  the  investigation  of  the  problems 
of  cultivation,  of  immunity  and  of  treatment. 
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EXPLANATION    OF   PLATES. 

Plate  LIII. 
Fig.  I.     Colored  soldier  with  yaws;   second  eruption. 

Plate  LIV. 

Fig.  2.  Monkey  i,  ulcerating  yaw  on  eyebrow  and  eyelid,  47  days  after 
inoculation  from  patient. 

Fig.  3.     Treponema  pertenui  from  Rabbit  A,  Giemsa's  stain,  X  1,000. 
Fig.  4.     Treponema  pertenui  in  rabbit's  testicle,  Levaditi  stain,  X  1,500. 
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Plates  LV  and  LVI. 
INTRODUCTION. 

In  a  previous  paper^  dealing  with  some  of  the  functional  disturb- 
ances of  a  type  of  very  acute  serum  anaphylaxis  in  the  guinea  pig, 
we  came  to  the  conclusion  that  the  death  of  the  animal  was  due  to 
asphyxia  caused  by  a  tetanic  contraction  of  the  bronchial  muscles, 
the  contraction  being  so  pronounced  that  the  lumina  of  the  smaller 
bronchial  tubes  were  occluded,  thus  preventing  both  the  entrance 
and  escape  of  air.  This  tetanic  contraction  imprisoned  the  air  in 
the  lung  so  that  this  organ  could  be  excised  in  toto  with  practically 
no  collapse.  The  evidence  for  the  conclusion  stated  above  was  fully 
considered  in  this  earlier  paper^  and  I  shall  not  enter  upon  this 
question  now;  it  may,  however,  be  added  that  this  view  has  since 
been  shared  by  Anderson  and  Schultz**  and  by  Biedl  and  Kraus.^ 

On  the  basis  of  this  assumption,  therefore,  it  became  of  interest 
to  determine  what  the  effect  would  be  if  the  bronchial  musculature 
were  deprived  of  its  innervation.  In  this  way,  perhaps,  it  could 
be  established  whether  the  toxic  injection  of  serum  affects  the  nerve 
endings  in  the  bronchial  muscles,  or  the  muscle  substance  directly, 

^Received  for  publication  June  24,  1910.  A  preliminary  note  was  published 
in  the  Proc.  of  the  Soc.  for  Exper.  Biol,  and  Med.,  1910,  vii,  103. 

'Auer  and  Lewis,  Jour,  of  the  American  Med.  Assn.,  1909,  liii,  458;  Jotir.  of 
Exper.  Med.,  1910,  xii,  169. 

^  Auer  and  Lewis,  Jour,  of  Exper.  Med.,  1910,  xii,  163-169. 

*  Anderson  and  Schultz,  Proc.  of  the  Soc.  for  Exper.  Biol,  and  Med.,  1910, 
vii,  34- 

*  Biedl  and  Kraus,  Wiener  klin.  Woch.,  1910,  xxiii,  385. 
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or  bolli  stnuUires.  Now  it  is  well-known  that  the  vagus  nerve  sup- 
plies llie  motor  innerwition  for  llie  broncliial  nniscles;"  section  of 
this  ner\e,  therefore,  and  an  adecpiate  lapse  of  lime  for  degencra- 
lion  of  the  peripheral  stump  would  vol)  the  bronchial  muscle  of  its 
nerve  supply,  provided  that  the  vagus  motor  fibers  are  ncjt  pre- 
ganglionic. This  method,  therefore,  would  seem  to  permit  an 
experimental  approach  to  the  problem. 

EXPERIMENTS. 

The  experiments  were  carried  out  entirely  in  guinea  pigs,  and 
the  members  of  each  series  always  belonged  to  the  same  lot  and 
were  approximately  of  the  same  age  and  weight.  They  were 
treated  exactly  alike  in  the  preparation;  the  same  horse  serum  in 
the  same  amount,  either  one  or  two  cubic  centimeters,  was  injected 
subcutaneously  for  sensitization;  the  vagus  nerve  was  resected  in 
the  neck  under  ether  anesthesia,  and  it  was  attempted  to  remove  the 
left  or  right  vagus  in  an  equal  number  of  guinea  pigs.  After  a 
varying  period  of  time  (details  will  be  given  later),  the  toxic  dose 
was  always  injected  into  the  jugular  vein  through  a  canula,  the 
injection  being  followed  by  one  cubic  centimeter  of  Ringer  solution 
to  wash  out  the  canula.  For  the  toxic  dose  I  invariably  employed 
horse  serum  which  had  been  heated  to  55°  C.  for  thirty  to  thirty- 
five  minutes.  The  toxic  injection  was,  as  a  rule,  just  above  the 
surely  fatal  dose. 

Before  entering  upon  a  report  of  the  experimental  results,  some 
suppositions,  basic  for  this  investigation,  must  be  discussed.  From 
the  arrangement  of  the  experiments  stated  above,  it  will  be  seen 
that  two  fundamental  assumptions  are  made,  which  are  of  vital 
importance.  These  assumptions  are  that  the  bronchomotor  fibers 
of  the  vagus  do  not  end  in  ganglion  cell  stations,  are  not  pre- 
ganglionic, in  other  words;  and,  secondly,  that  these  motor  fibers 
do  not  decussate,  so  that  one  vagus  innervates  only  the  lung  on  the 
same  side. 

For  the  first  assumption,  that  the  bronchomotor  fibers  of  the 
vagus  are  not  preganglionic,  there  is  sufficient  evidence.  It  is  well 
known  that  the  motor  fibers  for  the  bronchial  muscles  in  the  neck 

'For  literature  see  Dixon  and  Brodie,  Jour,  of  Physiol,  1903,  xxix,  115. 
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vagus  remain  irritable  for  a  comparatively  long  time  after  the  death 
of  the  animal.'^  Now,  if  the  motor  lung  fibers  in  the  vagus  were 
preganglionic,  this  ought  not  to  be  possible,  for  Langendorft*'^  showed 
that  stimulation  of  preganglionic  fibers  swdftly  becomes  ineffective 
after  death  of  the  animal  by  bleeding  or  by  asphyxia,  while  stimu- 
lation of  the  postganglionic  fibers  will  then  still  yield  results.  Lan- 
gendorff's  results  have  been  corroborated  and  extended  by  Langley^ 
who  states  that  postganglionic  fibers  give  the  customary  response  one 
quarter  to  three  quarters  of  an  hour  after  death,  while  preganglionic 
fibers  soon  lose  their  effectiveness  after  death.  Langley  also  states 
that  he  has  found  the  same  thing  true  in  all  sympathetic  fibers  with 
which  he  has  experimented. 

That  the  guinea  pig  forms  no  exception  to  the  general  rule,  I 
have  had  some  occasion  to  observe  accidentally  and  in  experiments 
made  especially  for  this  purpose.  Occasionally,  an  animal  died 
through  some  accident  or  was  killed  after  having  been  prepared 
for  registration  of  intrapleural  pressure  or  of  lung  volume  by 
oncometers.  In  these  animals  stimulation  of  the  vagi  still  showed 
distinct  and  definite  changes  in  the  intrathoracic  pressure  or  of  lung 
volumes  fifteen  and  twenty  minutes  after  the  heart  had  ceased  to 
beat  (Plate  LV,  Fig.  2,  Plate  LVI,  Fig.  3).  From  the  data  sub- 
mitted, it  will,  therefore,  be  seen  that  there  is  good  evidence  for  the 
assumption  that  there  is  no  cell  station  between  the  bronchomotor 
fibers  of  the  neck  vagus  and  the  bronchial  muscles  themselves. 

In  this  connection  it  may  be  observed  that  no  very  marked  differences 
between  the  two  vagi,  as  far  as  the  bronchomotor  effect  is  concerned,  were 
noticed.  This  is  in  agreement  with  the  observation  of  Einthoven,^*'  though  other 
investigators  have  found  that  the  left  vagus  usually  exerts  a  greater  effect  than 
the  right."  Occasionally  I  have  observed  animals  in  which  stimulation  of  one 
vagus  gave  only  slight  results,  while  the  other  vagus  responded  well.  This 
diminished  irritability  occurred  sometimes  in  the  right,  sometimes  in  the  left 
vagus. 

The  second  assumption  was  that  the  bronchomotor  fibers  of  the 
two  vagi  do  not  decussate,  that  thus  each  vagus  innervates  only  its 

'For  references  see  Dixon  and  Brodie,  loc.  cit.,  115,  152. 

^  Langendorff,  Cent.  f.  Physiol.,  1892,  v,  130. 

"Langley,  Jour,  of  Physiol,  1893,  xv,  181. 

^"  Einthoven,  Pflilgers  Arch.,  1892,  li,  381. 

"For  literature  see  Dixon  and  Brodie,  loc.  cit.,  118-119. 


John  Aiier.  VAX 

ipsclatci-.'il  Inni^-.  Dixon  rind  P)ro(lie  experimented  on  cats,  (1o,il^s 
and  ral)l)its  and  tliey  slate  explicitly  that  1)otli  tlie  constricted-  and 
dilator  tihers  in  llie  \aj4ns  snpply  the  Inni^-  on  the  same  side  only.^^ 
,\s  there  were  no  ohservations  on  the  i^ninca  pii^,  I  made  some 
experiments  to  test  this  (piestion,  tliough  it  seemed  improbable  that 
the  i;ninea  pig  shonld  form  an  exception.  1'he  results  confirm 
largely  the  statement  of  Dixon  and  Brodie;  in  only  one  or  two 
experiments  did  I  find  that  stimulation  of  one  vagus  occasionally 
exerted  a  bronchoconstrictor  effect  upon  both  lungs  (Fig.  2),  and 
in  one  of  these  experiments  it  is  noted  that  the  vagus  was  stimulated 
low  down  so  that  the  possibility  of  current  escape  to  the  other  vagus 
must  be  taken  into  consideration.  Fig.  3  gives  a  qualitative  picture 
of  the  usual  result  obtained.  If  there  is  a  decussation  of  vagus 
bronchomotor  fibers,  it  cannot  be  an  extensive  one,  and,  therefore, 
need  not  be  taken  into  serious  consideration. 

Another  assumption  made  is  that  all  the  bronchomotor  fibers  run 
in  the  vagus.  I  have  no  experimental  data  of  my  own  in  support 
of  this,  but  Dixon  and  Brodie^^  have  found  that  the  sympathetic 
in  cats,  dogs  and  rabbits  carries  no  bronchodilator  or  broncho- 
constrictor fibers,  and  it  is  not  likely  that  the  guinea  pig  forms  an 
exception  to  this. 

The  considerations  given  above  show,  I  think,  that  the  assump- 
tions made  for  this  investigation  are  reasonably  grounded  on  experi- 
mental facts. 

RESULTS. 

In  the  first  scries  of  experiments  both  vagi  were  cut  in  sensitized 
guinea  pigs  shortly  before  the  intravenous  injection  of  the  toxic 
dose.  The  course  of  the  immediate  anaphylactic  reaction  was  per- 
fectly typical  and  ended  in  death  within  five  minutes.  The  lung 
picture  was  characteristic  when  the  thorax  was  opened  and  the 
organ  excised. ^^  Section  of  both  vagi  exerted  no  appreciable  effect 
in  any  way  on  the  onset,  course  and  final  outcome  of  the  reaction. 

In  the  second  series  nine  guinea  pigs  w'ere  used.     They  were  all 

"  Dixon  and  Brodie,  loc.  cit.,  172. 
"Dixon  and  Brodie,  loc.  cit.,  142,  172. 

"  For  a  full  description  of  the  gross  appearance  of  the  acute  anaphylactic 
lung,  see  Aucr  and  Lewis,  Jour,  of  E.vper.  Med.,  1910,  xii,  156. 
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sensitized  on  the  same  day  by  the  subcutaneous  injection  of  one 
cubic  centimeter  of  horse  serum.  Thirteen  days  after  sensitization, 
one  to  two  centimeters  of  one  vagus  nerve  was  resected  in  the  neck; 
in  five  animals  the  left  vagus  was  resected,  and  in  four,  the  right. 
The  toxic  dose  was  injected  thirty  to  fifty-seven  days  after  vagus 
section;  two  animals  were  utilized  after  thirty  days,  two  after 
thirty-one  days,  three  after  forty  days,  and  the  remaining  two  fifty- 
seven  days  after  vagus  section.  The  toxic  dose  ranged  between  0.8 
cubic  centimeter  to  1.5  cubic  centimeters  of  a  10  per  cent,  solution 
of  heated  horse-serum.  In  six  of  these  animals  death  occurred 
under  typical  symptoms  within  four  minutes;  for  purposes  of  con- 
venience, death  was  considered  to  occur  when  the  respiration  had 
permanently  stopped. 

The  autopsy  picture  of  the  lungs  w^as  typical.  On  opening  the 
thoracic  cavity  by  first  cutting  away  the  thoracic  attachments  of  the 
diaphragm,  the  lungs  w^ere  seen  to  fill  the  entire  cavity  and  appeared 
to  suffer  no  appreciable  collapse.  No  difference  could  be  seen 
between  the  two  sides;  both  appeared  equally  large.  On  total 
removal  of  the  lungs  from  the  thorax  no  collapse  was  seen,  and 
more  careful  comparison  showed  that  both  sides,  innervated  as  well 
as  denervated,  possessed  about  equal  volume  (Plate  LV,  Fig.  i). 
The  lungs  looked,  in  short,  exactly  like  those  obtained  from  an 
ordinary  sensitized  guinea  pig  which  had  succumbed  to  the  toxic 
injection  within  five  minutes.  In  two  instances  the  left  half  of  the 
lungs  looked  a  trifle  larger  and  fuller  than  the  right,  this  being 
especially  true  of  the  lower  lobes.  In  one  of  these  animals,  the 
left  vagus  has  been  resected,  and  in  the  other,  the  right.  There- 
fore, vagus  section  could  not  be  held  accountable  for  this  difference 
in  size.  Moreover,  I  have  frequently  had  occasion  since  the  begin- 
ning of  this  work  to  see  that  anaphylactic  guinea  pigs  w^ith  intact 
vagi  often  show^  a  slight  difference  in  fullness  between  the  two  sides 
of  the  lungs,  and  that  this  fullness  occurs  more  frequently  in  the 
left,  especially  the  lower  lobe,  than  in  the  right  side. 

In  three  animals  of  this  series  sublethal  doses  of  horse  serum 
were  injected  and  the  animals  then  killed  by  section  of  the  medulla. 
The  lungs  of  these  animals  were  full  and  large,  but  not  to  the  same 
degree  as  in  the  six  other  animals.  There  was  again  no  difference 
between  the  two  sides  of  the  lungs. 
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In  this  scries,  resection  of  one  vagus  exerted  no  visible  effect  on 
the  gross  appearance  of  the  hmgs. 

In  a  lliird  scries,  composed  of  eight  animals,  the  vagus  was 
resected  in  four  on  the  right  side  and  in  four  on  the  left  side  fifty- 
five  days  after  sensitization  (one  cubic  centimeter  horse  serum  sub- 
cutaneously).  The  toxic  dose  was  injected  intravenously  in  three 
animals  six  days  after  vagus  section,  in  two  after  thirteen  days  and 
in  the  remaining  three  after  fourteen  days.  In  the  first  three 
animals  the  toxic  dose  employed  was  0.6  cubic  centimeter  heated 
horse  serum;  in  all  the  rest  0.3  cubic  centimeter  of  a  10  per  cent, 
solution  of  heated  horse  serum  was  used.  All  the  animals  except 
two  died  with  typical  symptoms  within  five  minutes,  and  these  two 
survivors  had  received,  previous  to  the  toxic  dose,  a  prophylactic 
injection  of  atropine. 

The  lungs  on  autopsy  again  showed  no  difference  between  the 
two  sides  which  could  be  ascribed  to  the  vagus  section ;  they  looked 
like  typical  anaphylactic  lungs,  like  normal  lungs  which  had  been 
fully  inflated  and  fixed  in  that  position.  In  two  cases  the  left  sides 
of  the  lungs  looked  fuller  than  the  right;  in  one  of  them  the  left 
vagus  had  been  resected,  and  in  the  other  the  right;  all  the  others 
(four)  show^ed  no  appreciable  difference  in  fullness  between  the 
right  and  left  halves  of  the  lungs. 

In  this  series,  also,  vagus  resection  did  not  exert  any  influence 
upon  the  production  of  the  typical  anaphylactic  lung. 

In  a  fourth  series  of  animals,  the  left  vagus  was  resected  in  four 
animals  and  the  right  in  three.  All  these  animals  were  normal  and 
non-sensitized  when  the  operation  took  place.  Sensitization  was 
performed  thirty-three  days  after  vagus  section  by  injecting  sub- 
cutaneously  one  cubic  centimeter  of  horse  serum.  The  toxic  dose 
was  injected  intravenously  fourteen  days  later  in  five  animals  and 
fifteen  days  later  in  two.  The  toxic  dose  varied  for  the  first  five 
animals  betw^een  0.3  and  0.5  cubic  centimeter;  in  the  remaining  two 
animals  0.15  cubic  centimeter  was  injected.  All  except  one  of  the 
animals  responded  typically  to  the  second  injection  of  horse  serum 
and  died  within  seven  minutes  (in  one  instance  only  was  this  time 
consumed).  The  exception  noted  above  was  due  to  intravenous 
injections  of  atropin.     Autopsy  demonstrated  the  typical  lung  pic- 
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ture  of  immediate  anaphylaxis^^  in  guinea  pigs.  In  this  series 
again  no  characteristic  differences  between  the  two  sides  of  the 
kmg  could  be  seen.  Three  showed  no  differences  at  all  between 
the  two  sides  of  the  lungs  (one  had  the  right  vagus  resected,  the 
other  two,  the  left  vagus)  ;  two  showed  the  left  lower  lobe  a  trifle 
smaller  than  the  right  lower  lobe  (one  animal  was  deprived  of  the 
right  vagus,  the  other,  of  the  left)  ;  the  remaining  animal  possessed 
lungs  in  which  the  left  lower  lobe  was  larger  than  the  right  lower 
lobe  (here  the  left  vagus  had  been  resected).  From  these  data 
it  is  again  easily  seen  that  no  macroscopic  changes  in  size  of  the 
lungs  were  observed  with  any  constancy  which  could  be  attributed 
to  interference  with  the  nerve  supply. 

A  tropin. — In  a  few  animals  of  these  series  the  effect  of  atropin  was  studied 
for  the  following  reason :  according  to  the  prevailing  conception  of  the  action 
of  atropin,  this  alkaloid  in  moderate  doses  acts  only  on  the  nerve  endings  and 
not  on  the  muscles.  On  the  assumption  (which  did  not  appear  very  likely  to  me) 
that  the  sensitization  might  affect  largely  the  nerve  endings,  I  argued  that  a 
prophylactic  injection  of  atropin'"  might  show  a  striking  picture  if  the  animal 
were  killed,  by  cutting  the  cord,  for  instance,  some  minutes  after  the  toxic 
injection;  the  innervated  lung  ought  to  be  collapsed  while  the  denervated  lung 
side  ought  to  stand  up  fully  distended  with  air  when  the  thoracic  cavity  was 
opened,  if  the  sensitization  affected  the  nerve  endings.  The  experimental  test, 
however,  did  not  yield  this  result.  Three  out  of  five  animals  which  received  sub- 
cutaneously  a  prophylactic  injection  of  3  mg.  of  atropin  survived  the  toxic 
injection  and  were  killed  12  to  15  minutes  later  by  cutting  the  cord;  it  may  be 
added  that  five  controls  all  died  within  five  minutes.  Immediate  autopsy  showed 
that  the  lungs  collapsed  well  as  soon  as  the  chest  cavity  was  opened,  and  that 
there  was  no  appreciable  difference  between  the  two  sides.  The  atropin  had 
affected  both  sides  equally,  innervated  as  well  as  denervated.  It  may  be  argued 
that  3  mg.  of  atropin  for  a  guinea  pig  weighing  approximately  300  grm.  is  not 
a  small  or  even  moderate  dose,  for,  in  proportion,  an  individual  of  60  kg.  would 
receive  more  than  500  mg.  of  this  powerful  alkaloid.  While  this  method  of 
obtaining  comparable  proportionate  doses  in  different  species  of  animals  by 
utilizing  their  weight  only  is  not  entirely  sound,  because  it  ignores  too  many 
other  factors  which  have  an  important  influence  in  determining  the  proper  dose, 
yet  it  must  be  concluded  that  the  dose  of  atropin  given  to  these  guinea  pigs 
was  large  enough  to  affect  the  bronchial  muscles  directly.     It  would  have  been 

"  By  "  immediate  anaphylactic  reaction  "  we  designated  a  type  of  acute  ana- 
phylaxis in  which  the  animal  usually  dies  within  five  minutes  after  the  intra- 
venous injection  of  the  toxic  dose.  See  Auer  and  Lewis,  Jour,  of  Ex  per.  Med., 
1910,  xii,  153,  172. 

"Auer  and  Lewis,  Joxir.  of  the  American  Med.  Assn.,  1909,  liii,  458.  This 
subject  will  be  more  fully  considered  in  the  third  communication. 
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iisi'lcss  to  test  till'  (.'trict  (if  a  smalltT  dose  of  atropin,  for,  as  stated  al)ovc,  3  nig. 
failed  to  save  two  of  the  guinea  pigs  from  death.  This  atropin  series  of  experi- 
ments, therefore,  gave  no  information  ahout  the  functif)n  of  the  nerve  endings 
in   anaphylaxis. 

DISCUSSION. 

The  results  oljlaiiiccl  in  llie  \-ari(nis  scries  of  animals  with  one 
resected  vai^iis  all  clearly  show  that  an  intact  va^us  innervation  of 
the  bronchial  muscles  is  not  necessary  for  .the  production  of  the 
typical  luiii^'  picture  of  immediate  anaphylaxis.  'J1iis  is  especially 
well  shown  in  the  fourth  series  of  experiments  where  the  vagus  was 
resected  and  allowed  to  degenerate  before  the  animal  was  sensitized. 
In  this  series  sensitization  probably  occurred  after  the  vagus  had 
completely  lost  its  effect  on  the  bronchial  muscles/^  for  the  sensitiz- 
ing dose  of  serum  was  injected  thirty-three  days  after  the  vagus 
had  been  resected,  and  a  time  period  of  almost  five  weeks  is,  in  all 
likelihood,  sufficient  for  complete  functional  degeneration  of  the 
distal  segment  of  the  severed  vagus.  Moreover,  it  must  be  noted 
that  the  toxic  dose  of  horse  serum  was  injected  after  what  is  prac- 
tically the  minimum  length  of  time  necessary  for  a  certain  sensiti- 
zation, that  is,  after  fourteen  days.  Yet  these  animals  with  one 
vagus  resected  were  as  fully  sensitized  as  normal  guinea  pigs  would 
be  after  the  same  sensitizing  dose.  There  was  no  sign  of  a  slowed 
or  decreased  sensitization;  on  the  contrary,  it  seemed  to  me  as  if 
these  animals  were  perhaps  more  highly  sensitized  than  normal 
animals  treated  with  the  same  sensitizing  dose  and  used  after  the 
same  lapse  of  time ;  these  guinea  pigs,  with  one  vagus  resected, 
responded  promptly  and  characteristically  with  as  little  as  0.3  and 
0.15  cubic  centimeter  of  heated  horse  serum.  Be  this  as  it  may, 
there  was  surely  no  retardation  or  reduction  in  the  sensitization 
caused  by  robbing  the  bronchial  muscles  of  their  nerve  control.  It 
may,  therefore,  be  legitimately  concluded  that  the  bronchial  mus- 
cles themselves,  or  at  least  those  of  the  finer  tubes,  may  be  sensitized 
by  horse  serum  after  the  vagus  innervation  of  these  muscles  has 
degenerated. 

"Dixon  and  Brodie,  loc.  cif.,  p.  141.  These  authors  found  that  14  days  after 
section  stimulation  of  the  peripheral  stump  gave  out  a  very  weak  constrictor 
effect,  while  the  dilator  fibers  were  still  nearly  as  effective  as  in  normal  animals. 
After  56  days  (no  tests  were  apparently  made  by  these  authors  between  14  and 
56  days)  no  constriction  whatsoever  could  be  obtained,  nor  did  pilocarpin  give 
any  contraction  of  the  denervated  side  of  the  lung. 
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The  same  fact  is  indicated  in  the  second  and  third  series  of  ex- 
periments, but  in  those  experiments  the  vagus  was  resected  after 
the  animals  had  been  sensitized  for  thirteen  days  and  fifty-five  days 
respectively.  Now  strictly  interpreted,  these  two  series  show  only 
that  the  vagus  degeneration  does  not  prevent  a  sensitized  guinea 
pig's  lungs  from  responding  properly  to  the  toxic  injection.  These 
two  series,  however,  while  not  definitely  proving  the  same  point 
which  the  fourth  series  established,  show  other  points  of  some  in- 
terest. 

In  the  second  series  of  experiments,  for  example,  the  vagus  was 
resected  thirteen  days  after  sensitization.  The  toxic  dose  was  in- 
jected thirty  to  fifty-seven  days  after  vagus  section.  As  already 
stated,  the  normal  response  of  an  anaphylactic  guinea  pig  was  ob- 
tained. It  may,  therefore,  be  concluded  that  degeneration  of  the 
vagus  nerve,  after  sensitization  has  about  reached  the  lower  limit 
of  effectiveness,^*^  exerts  no  marked  effect  on  the  response  to  the 
toxic  injection 

In  the  third  series  of  experiments,  one  vagus  was  resected  fifty- 
five  days  after  the  sensitizing  dose  was  injected,  and  the  toxic  dose 
was  given  intravenously  six  to  fourteen  days  after  the  vagus  sec- 
tion. The  animals  behaved  normally,  that  is,  they  died  in  the  same 
fashion  as  normal,  sensitized  guinea  pigs.  But  the  toxic  dose  was 
injected  at  a  time  when  vagus  degeneration  was  far  from  complete, 
and  in  the  first  three  animals  at  a  time  when  the  bronchodilator 
fibers  were  still  physiologically  active,  while  the  activity  of  the 
broncho-constrictor  fibers  was  also  surely  much  impaired. ^'^  If  the 
injected  toxic  dose,  therefore,  affected  the  nerve-endings  it  might  be 
argued  that  the  conditions  were  favorable  for  a  bronchial  dilatation. 
This  did  not  occur;  the  three  animals  injected  after  six  days  of 
vagus  degeneration  showed  typical  anaphylactic  lungs  after  death. 
In  addition  one  of  these  animals  had  received  a  prophylactic  sub- 
cutaneous injection  of  four  milligrams  of  atropin  sulphate,  yet  this 
animal  showed  only  some  delay  in  the  onset  of  death,  and  its  lungs 

^*  As  stated  before,  14  clays  is  practically  the  smallest  time  interval  between 
sensitizing  and  toxic  doses,  the  latter  intravenous,  which  must  elapse  before  the 
typical  chain  of  symptoms  ending  in  death  may  be  obtained  with  some  certainty. 

"Dixon  and  Brodie,  Ice.  cit.,  141. 
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rev^calcd  no  cxidcncc  of  any  collapse.  Tliis  li\])oiliclical  broncho- 
dilator  clfccl,  due  to  a  slinuilation  of  the  nerve  endings,  receives  no 
experimental  support  from  these  data. 

In  all  the  experiments  re])()rted,  there  are  no  definite  data  which 
point  to  a  scnsili/alion  of  the  valgus  motor  endings  in  the  lung. 
This,  of  course,  does  not  mean  that  such  a  sensitization  may  not 
occur.  The  solution  of  this  section  of  the  problem  is  unfortunately 
com])licated  by  the  fact  that  muscular  sensitization  does  occur. 
Now  in  order  to  judge  of  an  effect  on  the  nerve  endings,  we  must 
rely  upon  the  response  of  the  indicator-organ  of  the  nerve  endings, 
the  muscle  fibers,  for  it  is  impossible  to  observe  the  nerve  endings 
alone.  But  if  the  indicator  organ  itself  responds,  independently 
of  the  nerve  endings,  it  is  readily  seen  that  no  answ^er  will  be  ob- 
tained regarding  an  action  on  the  endings.  This  is  the  case  with 
horse  serum  sensitization  in  guinea  pigs. 

SUMMARY. 

Depriving  the  bronchial  muscles  of  one  side  of  the  lungs  of  their 
motor  innervation  does  not  interfere  with  sensitization  nor  the  pro- 
duction of  the  typical  anaphylactic  lung.  There  is,  therefore, 
direct  sensitization  of  the  muscle  substance. 

Complete  degeneration  of  the  vagus  nerve,  after  sensitization 
has  occurred,  interferes  in  no  appreciable  way  with  the  course  of 
immediate  anaphylaxis. 

Partial  degeneration  of  the  vagus  nerve,  so  that  the  broncho- 
dilator  fibers  are  still  physiologically  active,  after  sensitization  has 
taken  place,  exerts  no  effect  on  the  symptoms  and  lung  picture  of 
immediate  anaphylaxis  (very  acute  anaphylaxis  with  death  after 
some  minutes). 

No  definite  evidence  was  obtained  regarding  the  function  of  the 
motor  nerve  endings  in  the  bronchial  muscles  in  anaphylaxis. 

The  two  sides  of  the  lungs  in  immediate  anaphylaxis  may  occa- 
sionally be  unequal ;  when  this  occurs,  the  left  side,  especially  the 
lower  lobe,  is  usually  fuller  than  the  right  side. 
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EXPLANATION  OF  PLATES. 

Plate  LV. 

Fig.  I.  Typical  anaphylactic  lungs  in  a  guinea  pig.  Magnification  about  2X- 
The  animal  which  furnished  this  lung  was  sensitized  Nov.  17,  1909,  by  the  sub- 
cutaneous injection  of  one  cubic  centimeter  of  horse  serum.  The  right  vagus 
was  resected  Jan.  11,  1910.  The  toxic  dose  (0.3  cubic  centimeter  10  per  cent, 
heated  horse  serum)  was  injected  into  the  jugular  vein  Jan.  24. 

It  will  be  noted  that  the  two  lung  sides  appear  about  equally  full.  This 
lung  is  indistinguishable   from  normal  anaphylactic  lungs. 

Fig.  2.  Both  lower  lobes  of  a  sensitized  pithed  guinea  pig  were  placed  each 
in  an  oncometer,  artificial  respiration  being  maintained.  The  heart  stopped 
beating  about  five  minutes  before  this  tracing  was  obtained.  The  expansion  and 
collapse  of  the  lobes  were  registered  by  Marey  tambours ;  upstroke  :=  inflation. 
The  upper  curve  was  obtained  from  the  lower  right  lobe  and  the  lower  curve 
from  the  lower  left  lobe  of  the  lungs.     Both  vagi  were  cut. 

During  the  time  marked  by  broad,  white  bands,  the  peripheral  stumps  of 
either  the  left  or  right  vagus  were  stimulated.  Time  =  6  second  intervals ; 
1.  p.  v.  =  left  peripheral  vagus ;  r.  p.  v.  =  right  peripheral  vagus.  Petzoldt  coil 
with  two  Daniell  cells. 

Plate  LVI. 

Fig.  3.  Same  animal  as  in  Fig.  2,  but  the  animal  had  been  dead  about  thirty 
minutes  when  this  tracing  was  obtained.  Interrupted  stimulation  of  the  left 
and  right  peripheral  vagus  stumps  with  the  secondary  coil  pushed  home  still 
yielded  definite  broncho-constrictor  effects,  localized  to  that  side  of  the  lung  on 
which  the  vagus  was  stimulated.  Time  =  6  second  interval.  Note  long  after- 
effect. 
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INTRACELLULAR   PROTEOLYTIC  ENZYMES 

OF  LIVER.i 

By  a.  R.  DOCHEZ. 

(From    the   Laboratories   of    the   Rockefeller   Institute   for   Medical   Research, 

Nezv   York.) 

In  all  living  tissues,  protein  constituents  are  continually  being 
broken  down  within  the  body  cells  and  protein  decomposition 
products  are  excreted.  If  any  or  all  of  the  processes  of  degrada- 
tion occurring  during  life  are  the  work  of  enzymes,  we  should 
expect  to  be  able  to  demonstrate  the  existence  of  these  enzymes 
in  the  tissues  after  death.  The  occurrence  of  such  proteolytic  en- 
zymes w^as  first  established  in  1890  when  E.  Salkowski^  showed 
that  liver,  muscle  and  suprarenal  glands,  when  minced  and  kept  in 
chloroform  water  at  37°C.  underwent  what  he  termed  "autodiges- 
tion."  Somew^hat  similar  observations  had  previously  been  made 
by  Salomon^  and  by  Schmiedeberg."*  Jacobi^  later  confirmed  Sal- 
kowski's  observations  and  called  the  phenomenon  "autolysis.** 
These  intracellular  proteolytic  enzymes  are  not  known  to  be  ex- 
creted into  the  body  fluids  but  may  be  obtained  in  an  active  state 
in  the  press  juice  or  in  the  filtrate  of  water  extracts  of  organs. 

Whether  the  phenomenon  of  autodigestion  of  organs  removed 
from  the  animal  body  is  related  in  nature  to  the  physiological  dis- 
integration of  protein  within  the  living  cell  is  a  problem  that  is 
still  unsolved.  Parenteral  digestion  of  protein  has  been  observed. 
The  role  of  leucocytes  and  their  enzymes  in  effecting  the  removal 
of  inflammatory  products  has  been  clearly  pointed  out  by  Opie^ 
and  others.     The  absorption  of  areas  of  necrosis  not  associated 

^  Presented  before  the  Society  for  Experimental  Biology  and  Medicine,  April 
20,  1910.     Received  for  publication  July  5,  1910. 

^  Salkowski,  Zeit.  f.  klin.  Med.,  1890,  xvii,  Suppl.,  77. 
'Salomon,  Arch.  f.  Anat.  u.  Physiol,  1881,  361. 

*  Schmiedeberg,  Arch.  f.  exper.  Path.  u.  Pharm.,  1881,  xiv,  379. 
°  Jacobi,  Zeit.  f.  physiol.  Chcm.,  1900,  xxx,  149. 

*  Opie,  Jour,  of  Expcr.  Med.,  1906,  viii,  536. 
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with  hactcrial  infcdion  is  prohahly  lar^a-ly  accomj)lislic(l  by  en- 
zymes existing  in  tlu-  dci^eneratin^  cells.  Jacobi^  has  been  able  to 
denionslrale,  in  a  lobe  of  liver  deprived  of  its  blood  sn])i)ly,  the 
presence  of  lenein  and  lynxsin  after  thirty-six  honrs.  In  ])hos- 
phorus  poisoning-  and  in  acute  yellow  atrophy  of  the  liver,  pnj- 
tein  decomposition  products  are  found  in  large  (juantities  in  the 
degenerating  organ.  Such  evidence  of  autodigestion  has,  how- 
ever, been  observed  in  pathological  conditions  in  which  cell  nu- 
trition, oxidation,  and  other  chemical  reactions  have  probably  been 
profoundly  disturbed  so  that  an  exact  analogy  to  physiological 
processes  cannot  be  drawn.  These  facts  are  nevertheless  sugges- 
tive, and  the  possibility  is  apparent  that  these  extremes  of  tissue 
degradation  may  represent  but  an  intensified  picture  of  normal  pro- 
tein metabolism.  In  fact,  Lane-Claypon  and  Schryver^  have  been 
able  to  show  that  in  hunger,  where  the  animal's  energy  needs  are 
supplied  by  his  own  tissue,  autolytic  digestion  of  liver  is  increased. 
The  influence  of  reaction  upon  autolysis  of  organs  has  been  ex- 
haustively studied.  Investigation  of  this  subject  was  first  carried 
on  by  pupils  of  Salkowski  shortly  after  the  discovery  of  the  proc- 
ess of  autodigestion.  Schwiening^  has  found  that  sodium  car- 
bonate inhibits  the  autolytic  process,  and  Biondi^^  has  demon- 
strated a  favorable  influence  of  hydrochloric  acid  on  autodiges- 
tion of  liver.  Hedin  and  Rowland,^  ^  whose  investigations  were 
made  with  tissue  plasma  obtained  by  Buchner's  method,  have  es- 
tablished that  self-digestion  in  the  majority  of  organs  is  facili- 
tated by  the  presence  of  0.25  per  cent,  acetic  acid.  It  is  depressed 
by  the  presence  of  alkalies,  of  calcium  carbonate  and  of  magnesium 
oxide.  Wiener^^  has  also  demonstrated  the  sensitiveness  of  auto- 
lytic enzymes  to  alkali,  and  has  shown  that  alkalinity  correspond- 
ing to  that  of  the  blood  practically  checks  their  power  to  effect  pro- 
tein decomposition.  From  this  observation  he  urges  that  proteolytic 
endo-enzymes  can  not  be  of  great  physiological  importance  during 

^  Jacobi,  loc.  cit. 

*  Lane-Claypon  and  Schryver,  Jour,  of  Physiol.,  1904,  xxxi,  169. 

'  Schvviening,  Virchows  Arch.,  1894,  cxxxvi,  444. 

"  Biondi,  Virchows  Arch.,  1896,  cxiiv,  373. 

"  Hedin  and  Rowland,  Zcit.  f.  physiol.  Chem.,  1901,  xxxii,  531. 

"Wiener,  Cent.  f.  Physiol.,  1905,  xix,  349. 
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the  normal  life  of  the  cell,  and  autodigestion  of  tissue  in  living  or- 
ganisms occurs  only  in  areas  in  which  the  blood  supply  has  been  re- 
duced. Such  an  opinion  cannot  be  regarded  as  conclusive,  since 
many  investigators  have  observed  the  power  of  tissues  to  digest 
themselves  in  alkaline  medium.  In  addition,  proteolytic  enzymes 
acting  best  in  alkaline  medium  are  well  known  in  polymorphonu- 
clear leucocytes,  and  Hedin^^  has  been  able  to  demonstrate  the  pres- 
ence of  such  an  enzyme  in  the  cells  of  the  spleen. 

Baer  and  Loeb^"*  have  tested  the  effect  of  varying  concentrations 
of  acid  and  alkali  upon  autolysis  of  liver.  Their  experiments  show 
the  usual  favoring  inliuence  of  acid,  and  they  have  obtained  a 
greater  relative  degree  of  digestion  in  alkali  than  has  been  ob- 
served by  other  investigators.  They  demonstrated  an  optimum  of 
concentration  of  alkali  in  which  the  degree  of  autolysis  is  greater 
than  that  found  in  neutral  medium.  Because  of  this  fact,  they 
suggest  the  possible  presence  of  an  alkaline  enzyme.  Schryver^^ 
has  found  that  the  favorable  influence  of  acid  upon  autolysis  is 
dependent  upon  the  absolute  amount  of  acid  added  and  is  not 
specially  affected  by  dilution.  He  thinks  that  acid  effects  a  neu- 
tralization of  tissue  bases  which  control  the  activity  of  the  auto- 
lytic  enzyme.  Hedin^*^  has  made  the  interesting  observation  that 
after  pretreatment  of  certain  tissues,  namely,  liver,  kidney,  thymus, 
spleen,  muscle,  and  testicle,  with  0.2  per  cent,  acetic  acid  and  sub- 
sequent neutralization  of  the  acid,  autodigestion  in  0.25  per  cent, 
sodium  carbonate  is  increased.  Carrying  these  studies  further 
with  the  spleen,  Hedin  has  been  able  to  demonstrate  an  anti-pro- 
teolytic  action  of  expressed  spleen  juice.  This  anti-enzymotic  ac- 
tion of  the  juice  is  exerted  against  the  alkaline  enzyme  of  the 
spleen,  and  is  destroyed  by  pretreatment  with  acid,  the  increased 
digestion  in  alkali  after  acid  treatment  being  thus  explained. 

Much  interest  is  attached  to  the  fact  that,  notwithstanding  the 
presence  of  destructive  agents  in  all  living  tissues,  organs  succeed 
in  guarding  their  integrity.     In  recent  years  much  attention  has 

'^  Hedin,  Jour,  of  Physiol,  1904,  xxx,  155. 

"  Baer  and  Loeb,  Arch.  f.  exper.  Path.  u.  Pharm.,  1905,  Hii,  i- 

"  Schryver,  Biochem.  Jour.,  1906,  i,  123. 

"Hedin,  Festschr.  f.  Olof  Hammarsten,  Upsala,  1906,  vi,  i. 
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been  centered  <>n  (lie  anti-cnzyniotic  properties  of  blood  serum,  and 
of  org^an  extracts.  WeinlancP"^  lias  sbown  that  the  stomach  does 
not  dii^est  itself  because  of  the  presence  of  an  anti-enzyme  in  the 
cells  of  the  gastric  mucosa.  Intestinal  worms  resist  the  action  of 
the  di.Qestive  juices  by  means  of  the  anti-enzymes  which  they  con- 
tain. Hahn,''^  Landsteiner,^^  Hedin^^  and  others  have  found  sub- 
stances in  blood  serum  which  are  able  to  check  the  proteolytic 
action  of  trypsin.  Opie^^  has  demonstrated  that  a  similar  anti-en- 
zymotic  power  over  the  alkaline  enzyme  of  the  polymorphonuclear 
leucocytes  is  possessed  by  the  serum.  Many  recent  studies  have 
shown  an  increase  in  the  anti-tryptic  power  of  the  blood  in  cachec- 
tic conditions,  notably  in  cancer  and  in  chronic  pulmonary  tuber- 
culosis. The  stimulus  to  the  production  of  anti-tryptic  substances 
has  been  variously  assigned  to  enzyme  freed  from  disintegrating 
leucocytes,  to  pancreatic  trypsin  and  to  increased  intracellular  enzy- 
motic  activity,  or  to  combinations  of  the  above  factors.  Blood 
serum  has,  likewise,  an  inhibiting  effect  upon  the  progress  of  tissue 
autolysis.  The  anti-fryptic  action  of  the  blood  is,  however,  ex- 
erted only  against  alkaline  enzymes  such  as  trypsin  and  the  enzyme 
of  polymorphonuclear  leucocytes.  Hedin^^  has  shown,  on  the 
other  hand,  that  blood  serum  does  not  effect  inhibition  when  added 
to  that  proteolytic  enzyme  of  spleen  which  acts  in  acid  medium. 
Since  this  enzyme  is  the  more  conspicuous  of  the  autolytic  enzymes 
the  influence  of  blood  serum  upon  autolysis  appears  somewhat 
limited. 

Methods. — The  tissues  used  in  the  following  experiments  were 
obtained  from  healthy  normal  dogs.  Where  normal  tissue  has 
not  been  used  a  special  note  is  made.  The  animals  were  anesthe- 
tized with  ether,  and  rapidly  bled  to  death  from  the  carotid  arteries. 
The  organ  used  for  the  study  of  autolysis  w'as  the  liver.  In  cer- 
tain instances  beef  serum  denaturalized  by  heat  was  added  to  the 
autolysing  mixture  as  substrate.     The  autolytic  mixtures  were  in- 

"  Weinland,  Zcit.  f.  Biol,  1903,  xliv,  45. 

"  Hahn,  Berliner  kiln.  IVoch.,  1897,  xxxiv,  499. 

"  Landsteiner,  Cent.  f.  Bakt.,  Abt.  I,  1900,  xxvii,  357. 

^  Hedin,  Jour,  of  Physiol.,  1903,  xxx,  195. 

^  Opie,  Jour,  of  Exper.  Med.,  1905,  vii,  316. 

**  Hedin,  Jour,  of  Physiol,  1904,  xxx,  155. 
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cubated  in  the  thermostat  at  2)7°^-  ^'^^  ^^^'^  days.  Toluol  was 
added  in  sufficient  quantity  to  prevent  bacterial  growth.  At  the 
conclusion  of  the  period  of  digestion  the  coagulable  protein  was 
precipitated  by  boiling  with  weak  acetic  acid  and  twenty  per  cent, 
magnesium  sulphate.  The  coagulum  was  removed  by  filtering  and 
the  incoagulable  nitrogen  of  the  filtrate  determined  by  the  Kjeldahl 
method.  The  amount  of  digestion  is  expressed  in  cubic  centi- 
meters of  N/io  sulphuric  acid.  Controls  were  made  in  each  in- 
stance by  boiling  immediately  equal  quantities  of  the  materials 
used  and  determining  the  incoagulable  nitrogen  of  the  filtrate.  The 
figures  given  represent  the  amounts  of  digestion  after  the  subtrac- 
tion of  controls. 


AUTOLYSIS  OF  NORMAL  LIVER  IN  MEDIA  OF  VARYING  REACTION. 

In  a  number  of  experiments  the  autolytic  power  of  liver  in 
acid,  neutral  and  alkaline  media  was  determined.  The  liver  was 
minced  immediately  after  the  death  of  the  animal  and  the  power 
of  self-digestion  tested.  In  some  instances  denaturalized  beef 
serum  was  used  as  substrate.  All  digestion  mixtures  were  diluted 
to  twenty-five  cubic  centimeters  with  0.85  per  cent,  salt  solution. 
A  few  of  the  experiments  performed  are  cited  as  examples. 

In  Experiments  I  and  II  the  animals  were  anesthetized  with 
ether  and  bled  to  death  from  the  carotid  arteries.  The  liver  was 
aseptically  excised  without  perfusion  and  rapidly  passed  through 
a  hashing  machine.  Beef  serum  denaturalized  by  heat  was  used  as 
substrate.  The  digestion  flasks  were  incubated  for  five  days  at 
i7°C. 

Experiment  I. 

Quantity  of  Liver.  Medium. 

2.5  gms.  0.2  per  cent,  acetic  acid 

2.5  gms.  neutral 

2.5  gms.  0.2  per  cent,  sodium  carbonate 


Digestion. 

36.6  c.c.  N/io  H2SO4 
6.7  c.c.  N/io  H2SO4 
3.5  C.C.  N/io  H,S04 


Quantity  of  Liver. 
2.5  gms. 
2.5  gms. 
2.5  gms. 


Experiment  IL 

Medium. 

0.2  per  cent,  acetic  acid 

neutral 

0.2  per  cent,  sodium  carbonate 


Digestion. 

29.4  C.C.  N/io  H2SO4 
7.9  c.c.  N/io  HaSO* 
2.0  c.c.  N/io  HjSO, 
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Til  tlir  al)ove  experiments  llic  dci^ree  of  digestion  in  0.2  per  cent, 
sodium  carlx^nate  is  lower  lliaii  that  usually  obscr\cd  because  of 
the  inhibitini^  inlluence  of  the  heated  beef  serum. 

in  l^xperiments  111  to  \  II  no  substrate  was  added.  Otherwise, 
they  resembled  ICxperiments  1  and  11. 

Experiment  III. 

Quantity  of  Liver.  Medium.  Digestion. 

2.5  gms.  0.2  per  cent,  acetic  acid  20.7  c.c.  N/io  ILSO^ 

2.5  gms.  0.2  per  cent,  sodium  carbonate  3.6  c.c.  N/io  H2SO4 

Experiment  IV. 

Quantity  of  Liver.  Medium.  Digestion. 

2.5  gms.  0.2  per  cent,  acetic  acid  0.5  c.c.  N/io  HjSO* 

2.5  gms.  neutral  8.7  c.c.  N/io  H2SO4 

2.5  gms.  0.2  per  cent,  sodium  carbonate  4.4  c.c.  N/io  H2SO4 

The  total  absence  of  digestion  in  acid  medium  in  this  experiment  is  difficult 
to  explain,  but  is  obviously  referable  to  a  technical  error. 

Experiment  V. 

Quantity  of  Liver.  Medium.  Digestion. 

2.5  gms.  0.4  per  cent,  acetic  acid  35.6  c.c.  N/io  HjSO* 

2.5  gms.  0.2  per  cent,  acetic  acid  34.8  c.c.  N/io  HjSO^ 

2.5  gms.  neutral  II. 3  c.c.  N/io  HoSO* 

2.5  gms.  0.2  per  cent,  sodium  carbonate  4.8  c.c.  N/io  H2SO4 

2.5  gms.  0.4  per  cent,  sodium  carbonate  0.6  c.c.  N/io  H2SO4 

Experiment  VI. 

Quantity  of  Liver.  Medium.  Digestion. 

2.5  gms.  0.2  per  cent,  acetic  acid  23.7  c.c.  N/io  H2SO4 

2.5  gms.  neutral  9.2  c.c.  N/io  HoSO* 

2.5  gms.  0.2  per  cent,  sodium  carbonate  12.2  c.c.  N/io  HoSO* 

2.5  gms.  0.4  per  cent,  sodium  carbonate  10.4  c.c.  N/io  H2SO4 

The  liver  was  carefully  perfused  with  salt  solution  in  the  fol- 
lowing experiment  in  order  to  determine  the  influence  upon  autoly- 
sis of  the  small  amount  of  blood  left  in  the  vessels  after  bleeding. 
The  duration  of  incubation  was  two  days. 

Experiment  VII. 

Quantity  of  Liver.  Medium.  Digestion. 

5  gms.  0.2  per  cent,  acetic  acid  43.1  c.c.  N/io  HoSO* 

5  gms.  neutral  11.9  c.c.  N/io  HoSO* 

5  gms.  0.2  per  cent,  sodium  carbonate  7.4  c.c.  N/io  H.SO* 
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The  results  obtained  in  tlie  foregoing  experiments  are  typical  of 
autolysis  of  normal  liver.  They  contirm  the  observations  of  prev- 
ious investigators  for  they  show  the  decidedly  favoring  intiuence 
of  an  acid  medium  upon  the  self-digestion  of  animal  tissue.  Auto- 
lysis progresses  much  less  rapidly  in  neutral  medium,  the  amount 
being  in  most  instances  less  than  one-half  that  observed  in  acid. 
As  a  rule,  a  still  further  reduction  occurs  in  alkaline  medium,  and 
in  some  instances  the  degree  of  digestion  is  almost  trivial  when 
compared  with  the  corresponding  amount  in  acid.  Experiment 
VII  shows  that  w^ashing  out  by  perfusion  the  small  amount  of 
serum  that  remains  in  the  vessels  of  the  liver  after  exsanguination 
has  practically  no  influence  upon  the  relative  amount  of  autolysis 
in  acid,  neutral  and  alkaline  media.  Inasmuch  as  inhibition  of 
autolysis  has  been  observed  in  expressed  tissue  juices  after  thor- 
ough perfusion,  it  is  manifestly  impossible  to  free  tissue  from  all 
inhibiting  substances.  Experiments  V  and  VI  represent  two  dif- 
ferent types  of  autolytic  activity  occurring  in  normal  liver.  In 
both  instances  what  is  probably  the  maximal  amount  of  proteolysis 
is  developed  in  acid  medium.  In  Experiment  V  the  activity  of  di- 
gestion sinks  markedly  in  alkaline  medium,  and  when  a  concentra- 
tion of  0.4  per  cent,  sodium  carbonate  is  reached,  no  proteolysis 
occurs.  On  the  other  hand,  in  Experiment  VI  a  second  optimum 
of  digestion  occurs  in  alkaline  medium  and  this  high  degree  of 
autolytic  activity  is  maintained  even  in  a  concentration  of  0.4  per 
cent,  sodium  carbonate.  The  latter  type  of  activity  is  rarely  ob- 
served in  autolysis  of  normal  liver.  A  similar  observation  has  been 
reported  by  Baer  and  Loeb.-^  Inasmuch  as  it  will  be  shown  later 
that  liver  contains  a  masked  alkaline  enzyme  whose  activity  can 
be  developed  by  appropriate  methods,  the  result  obtained  in  Experi- 
ment VI  suggests  that  the  activity  of  this  enzyme  is  subject  to 
marked  variations  during  life. 

An  attempt  was  made  to  duplicate,  in  two  additional  experi- 
ments, the  second  optimum  of  activity  in  alkaline  media,  which  1 
have  described  above.  Normal  liver  was  allowed  to  autolyze  in 
strengths  of  acid  and  alkali  varying  from  one  per  cent,  acetic  acid 
to  one  per  cent,  sodium  carbonate. 

^  Baer  and  Loeb,  loc.  cit. 
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Experiment  VITI.— TIic  liver  of  a  normal  dn^  with  no  perfusion  was  excised 
aseptically  and  rapidly  hashed.  Denaturalized  beef  senmi  was  added  as  sub- 
strate; the  duration  of  diRCStion  was  five  days  at  37°C. 


Quantity  of  I.ivtr 

1.25  gms. 
1.25  gms. 
1.25  gms. 
1.25  gms, 
1.25  gms. 
1.25  gms. 
1.25  gms. 
1.25  gms. 
1.25  gms. 
1.25  gms. 


Medium. 
0.6  per  cent,  acetic  acid 
0.4  per  cent,  acetic  acid 
0.3  per  cent,  acetic  acid 
0.2  ])cv  cent,  acetic  acid 
0.1  per  cent,  acetic  acid 
neutral 

0.1  per  cent,  sodium  carbonate 
0.2  per  cent,  sodium  carbonate 
0.3  per  cent,  sodium  carbonate 
0.4  per  cent,  sodium  carbonate 
0.6  per  cent,  sodium  carbonate 


Digestion, 

24.5  c.c.  N/io  II.SO^ 
23.8  c.c.  N/io  ]\S0, 

22.5  c.c.  N/io  H2SO4 

21.6  c.c.  N/io  H2SO4 
19.5  c.c.  N/io  ILSO^ 

8.2  c.c.  N/io  H2SO4 

8.3  c.c.  N/io  H2SO4 

2.2  c.c.   N/io  HaSO* 

2.3  c.c.  N/io  HzSO^ 
2.5  c.c.  N/io  H2SO4 
3.0  c.c.  N/io  H2SO4 


Experiment  IX. — In  this  experiment  no  substrate  was  added  to  the  autolytic 
mixtures.     Otherwise  it  resembled  Experiment  VIII. 

Quantity  of  Liver,  Medium, 


2.5  gms.  i.o  per  cent,  acetic  acid  35.9 

2.5  gms.  0.6  per  cent,  acetic  acid  34.3 

2.5  gms.  0.4  per  cent,  acetic  acid  35.6 

2.5  gms.  0.2  per  cent,  acetic  acid  34.8 

2.5  gms.  0.1  per  cent,  acetic  acid  31.5 

2.5  gms.  neutral  11. 3 

2.5  gms.  0.1  per  cent,  sodium  carbonate  13.0 

2.5  gms.  0.2  per  cent,  sodium  carbonate  4.8 

2.5  gms.  0.4  per  cent,  sodium  carbonate  0.6 

2.5  gms,  0.6  per  cent,  sodium  carbonate  0.5 

2.5  gms.  1.0  per  cent,  sodium  carbonate  0.7 


Digest 

C.C.  N/ 
c.c.  N/ 
c.c.  N/ 

N/ 
N/ 
N/ 
N/ 
N/ 
N/ 
N/ 
N/ 


c.c. 
c.c. 
c.c. 
c.c. 
c.c. 
c.c. 
c.c. 
c.c. 


ion 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


H,S04 
H3SO4 
H,S04 
H3SO4 
H,S04 
FLSO* 
H,S04 
H,S04 
H,S04 
H.,S04 


The  results  obtained  in  these  two  instances  are  practically  iden- 
tical, A  maximum  of  digestion  is  obtained  in  all  grades  of  acid 
media,  but  very  slight  increase  occurs  in  the  higher  concentrations 
of  acid.  An  abrupt  fall  of  activity  is  manifested  in  neutral 
medium.  In  o.  i  per  cent,  sodium  carbonate  the  amount  of  autoly- 
sis is  somewhat  higher  than  that  observed  in  neutral.  When  a 
strength  of  0.2  per  cent,  sodium  carbonate  is  reached,  another  drop 
in  activity  takes  place  and  reduces  the  degree  of  autolysis  to  a  very 
small  amount.  In  Experiment  VIII  no  further  reduction  occurs 
on  increasing  the  concentration  of  alkali;  in  Experiment  IX  a 
concentration  of  0.4  per  cent,  sodium  carbonate  completely  checks 
autolysis.    The  only  evidence  in  these  two  experiments  of  the  pres- 
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ence  of  an  enzyme  acting  best  in  alkaline  medium  is  the  ec^ual  or 
slightly  increased  amount  of  autolysis  that  is  observed  in  o.  i  per 
cent,  sodium  carbonate. 

THE  EFFECT  OF  STANDING  UPON  THE  ENZYMOTIC  ACTIVITY  OF 

LIVER. 

When  fresh  normal  liver  is  allowed  to  stand  on  ice  for  consider- 
able periods  of  time,  and  its  power  of  autolysis  determined  at  vary- 
ing intervals,  a  striking  increase  of  autolytic  activity  in  neutral  and 
alkaline  media  is  observed. 


Experiment  X. — In  this  experiment  the  liver  of  a  dog  poisoned  by  phosphorus 
was  used.  The  liver  was  excised  aseptically  after  being  thoroughly  perfused 
with  salt  solution.  It  was  rapidly  hashed  and  diluted  with  0.85  per  cent,  salt 
solution.  Two  flasks  were  prepared ;  the  liver  in  one  was  allowed  to  stand  at 
neutral  reaction,  and  in  the  other,  in  a  concentration  of  o.i  per  cent,  sodium  car- 
bonate. Both  flasks  were  kept  on  ice.  Sufficient  quantities  of  toluol  were  added 
to  each  flask  to  inhibit  the  growth  of  bacteria.  Tests  of  the  autolytic  activity  in 
acid,  neutral  and  alkaline  media  were  made  immediately.  Each  autolytic  mix- 
ture contained  0.5  grams  of  liver;  the  duration  of  digestion  was  five  days  at 
37°C.  Beef  serum  denaturalized  by  heat  was  used  as  substrate.  For  this  experi- 
ment I  am  indebted  to  Miss  B.  I.  Barker. 

The  figures  represent  cubic  centimeters  of  N/io  sulphuric  acid. 

Liver  kept  in  o.8s  per  cent,  salt  solution  at  neutral  reaction. 


Medium. 

Duration  of  period  of  standing  before  tests  were  made. 

Fresh. 

8  days. 

20  days. 

29  days. 

36  days. 

44  days. 

10.9  C.C. 
3.4  C.C. 
4.9  C.C. 

51  days. 

0.2%  acetic  acid 

neutral 

0.2%  sodium  carbonate 

II.OC.C. 

1.9  C.c. 
0.5  c.c. 

13.0  C.C. 
1.4  C.C. 
2.2  C.C. 

10.9  C.C. 
3.5  C.C. 
4.0  C.C. 

ii.Sc.c. 
3.2  c.c. 
5.4  c.c. 

10.3  C.C. 
2.3  C.C. 
5.0  C.C. 

9.1   C.C. 
3.6  C.C. 
5.1  C.C. 

Liver  kept  in  0.83  per  cent,  salt  solution  in  o.i  per  cent,  sodium  carbonate. 


Medium. 

Duration  of  period  of  standing  before  tests  were  made. 

Fresh. 

8  days. 

II. 0  C.C. 
2.3  C.C. 
1.3  C.C. 

20  days. 

29  days. 

10.9  C.C. 
2.6  C.C. 
2.2  C.C. 

36  days. 

44  days. 

51  days. 

0.2%  acetic  acid 

neutral 

0.2%  sodium  carbonate 

II.OC.C. 
1.9  C.C. 
0.5  C.C. 

10.3  C.C. 
4.6  C.C. 
1.9  C.C. 

10.5  C.C. 
2.4  C.C. 
2.6  C.C. 

4.1  C.C. 
3.8  C.C. 

9.1  C.C. 
3.1   C.C. 
4.6  C.C. 
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ExTEKiMENT  XI. — Hci'illliy  normal  dog's  liver  was  used  for  this  experiment. 
The  animal  was  hied  to  death  from  the  carotid  arteries  and  the  liver  was  not 
perfused.  Otherwise,  the  .same  details  were  observed  as  in  Experiment  X.  To 
one  pan  of  the  livir,  however,  sufficient  sodium  carbonate  was  added  to  make 
the  concentration  0.2  per  cent.  For  each  test  of  autolysis  2.5  grams  of  liver  were 
used.  The  duration  of  digestion  was  five  days  at  ^7°C.,  and  denaturalized  beef 
serum  was  used  as  substrate. 

The  figures  represent  cubic  centimeters  of  N/io  sulphuric  acid. 

Liver  krft  in  0.1V5  per  cent,  salt  solution  at  neutral  reaction. 


Duration  of  period  of  standing  before  tests  were  made. 

Fresh. 

10  days. 

20  days. 

31  days. 

45  days. 

20.7  C  C. 
17.9  C.C. 
15.0  C.C. 

55  days. 

0.2%  acetic  acid 
neutral 

0.2%  sodium  carbonate 

29.4  C.C. 
7.9  C.C. 
2.0  C.C. 

20.9  C.C. 

16.3  C.C. 

7.6  C.C. 

23.7  C.C. 
9.9  C.C. 
3.1  C.C. 

20.7  C.C. 
22.9  C.C. 
17.4  C.C. 

17.6  C.C. 

21.7  C.C. 
24.2  C.C. 

Liver  kept  in  0.S5  per  cent,  salt  solution  in  0.2  per  cent,  sodium  carbonate. 


Medium, 

Duration  of  period  of  standing  before  tests  were  made 

Fresh. 

10  days. 

20  days. 

31  days. 

45  days. 

55  days. 

0.2%  acetic  acid 

neutral 

0.2%  sodium  carbonate 

29.4  C.C. 
7.9  C.C. 
2.0  C.C. 

16.9  C.C. 

16.6  C.C. 

4.0  C.C. 

17.5  C.C. 

16.5  C.C. 

1.2  C.C. 

15.6  C.C. 
20.9  C.C. 
II. 0  C.C. 

16.4  C.C. 
16.7  C.C. 

74  C.C. 

15. 1   C.C. 
21.6  C.C. 
13.0  C.C. 

Experiment  XII. — The  liver  used  in  this  experiment  was  obtained  from  a 
normal  dog.  The  animal  was  bled  to  death  and  the  liver  was  not  perfused. 
The  method  was  the  same  as  in  Experiment  XI,  except  that  in  this  instance  no 
substrate  was  added.     In  each  test  of  autolysis  2.5  grams  of  liver  were  used. 

Liver  kept  in  0.85  per  cent,  salt  solution  at  neutral  reaction. 


Medium. 

Duration  of  period  of  standing  before  tests  were  made. 

Fresh.                    i                   15  days. 

37  days. 

0.2%  acetic  acid 
0.2^^^  sodium  carbonate 

20.7  C.C.  N/io  H2SO^!i7.7  c.c.  N/io  HjSO^ 

3.6  C.C.                                     II. 0  C.C. 

14.6  C.C.  N/ioHjSO^ 
15.0  C.C. 

Liver  kept  in  0.85  per  cent,  salt  solution  in  0.2  per  cent,  sodium  carbonate. 


Duration  of  period  of  standing  before  tests  were  made. 

Fresh. 

IS  days. 

37  days. 

0.2%  acetic  acid 
0.2%  sodium  carbonate 

20.7  c.c.  N/ioH^SO^ 
3.6  c.c. 

10.4  C.C.  N/io  IIjSO^ 

2.3   C.C. 

10.8  C.C.  N/ioHjSO^ 
14.6  C.C. 

In  the  above  experiments  tests  of  the  reaction  of  the  hver  solu- 
tion allowed  to  stand  were  made  from  time  to  time.     The  liver 
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kept  in  salt  solution  developed  a  weak  acidity,  but  in  that  to  which 
alkali  was  added  immediately,  the  alkaline  reaction  was  maintained 
constantly  throughout  the  experiment.  At  no  time  was  it  possi- 
ble to  demonstrate  the  presence  of  bacteria;  in  fact,  liver  extracts 
which  have  been  kept  on  ice  for  some  time  have  been  found  to  be 
powerfully  bacteriolytic.  In  all  the  experiments  it  is  apparent  that 
the  addition  of  acid  to  the  autolytic  mixtures  of  fresh  liver 
develops  a  maximal  activity  and  the  degree  of  autolysis  in  acid 
medium  is  not  increased  as  the  liver  stands,  but  tends  rather  to 
diminish  slightly.  This  diminution  is  more  evident  in  the  liver 
which  stands  in  alkaline  solution  than  in  that  to  which  no  alkali 
has  been  added.  Immediate  autolysis  of  fresh  liver  in  neutral  and 
alkaline  medium  is  observed  to  be  relatively  low.  Upon  standing, 
however,  a  striking  increase  in  both  media  occurs  until,  as  is  shown 
in  Experiments  XI  and  XII,  the  degree  of  autolysis  exceeds  that 
observed  in  acid.  The  rate  of  increase  of  activity  is  slower  in 
liver  kept  in  alkaline  solution  than  in  that  kept  in  neutral  medium. 
The  presence  of  alkali  retards  but  does  not  prevent  the  activa- 
tion of  the  enzyme  acting  in  alkaline  medium.  The  periods  of 
diminished  activity  in  neutral  and  alkaline  medium  observed  from 
time  to  time  are  somewhat  difficult  to  explain,  but  possibly  depend 
upon  the  development  of  inhibiting  substances  during  the  slow  dis- 
integration that  proceeds  while  the  liver  stands  on  ice.  The  increase 
of  autolytic  activity  in  neutral  and  alkaline  medium  might  be  sup- 
posed to  be  due  to  a  slow  destruction  of  the  anti-enzyme  of  the 
serum,  but  this  destruction  is  rendered  improbable  by  the  observa- 
tion that  the  same  increase  occurs  in  liver  thoroughly  perfused,  and, 
moreover,  in  liver  kept  continuously  in  alkaline  solution;  alkaline 
reaction  not  only  preserves  the  serum  anti-enzyme,  but  even  in- 
creases somewdiat  its  anti-proteolytic  power.  The  increase  of  pro- 
teolytic activity  observed  in  these  experiments  is  analogous  to  the 
increase  of  tryptic  activity  observed  by  Vernon^'^  in  kept  pancreatic 
extracts.  This  increase  Vernon  attributes  to  the  slow  conversion  of 
trypsinogen  into  active  trypsin.  It  is  probable,  therefore,  that  alike 
process  occurs  in  kept  liver,  and  normal  liver  contains  two  pro- 
teolytic enzymes,  one  acting  best  in  alkaline  and  the  other  in  acid 

^Vernon,  Jour,  of  Physiol,  1901,  xxvii,  269. 
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medium.  The  alkaline  cnzyinc  in  fresh  tissue,  however,  exists 
in  an  inaeli\e  stale,  so  that  the  amount  of  immediate  autolysis  in 
alkali  is  slii^ht.  I'pon  standini;,  the  inaetive  enzyme  is  slowly 
coiuerted  into  aetixe  eiizvme  .and  a  eorrespondini^  rise  in  autolytic 
aeli\iiy  in  alkaline  medium  results.  If  the  aeid-actini^  enzyme 
exists  in  the  cell  also  in  an  inactive  form,  it  is  readily  activated  by 
the  presence  of  acid  and,  consequently,  even  when  fresh  tissue  is 
used,  exhibits  its  maximal  activity  in  acid  medium.  It  will  be 
shown  later  in  this  paper  that  the  enzyme  of  liver  acting  in  alkaline 
medium  can  l)e  activated  by  treatment  with  acid.  The  activating 
influence  of  acid  upon  trypsinogen  of  fresh  pancreas  has  been 
known   for  many  years. 

THE   EFFECT    UPON    SUBSEQUENT   AUTOLYSIS   OF    PRETREATMENT    OF 
LIVER  WITir  ACID  AND  WITH   ALKALI. 

Hedin  ^'^  has  published  the  interesting  observation  that  treatment 
of  certain  animal  organs  for  from  sixteen  to  tw-enty-four  hours 
with  0.2  per  cent,  acetic  acid  increases  the  degree  of  subsequent 
auto-digestion  in  alkaline  medium.  This  increase  he  has  shown 
to  be  due  in  the  spleen  to  the  destruction  by  acid  of  an  anti-enzyme 
which  holds  in  check  the  weak  alkali-acting  enzyme  which  is  pres- 
ent. In  experiments  wdiich  follow,  the  methods  used  by  Hedin  have 
been  applied  with  some  modifications  to  autolysis  of  liver.  By  these 
means  it  has  been  possible  to  produce  rapidly  an  increase  of  the 
proteolytic  activity  of  the  enzyme  acting  in  alkaline  medium. 

The  livers  used  in  the  following  experiments  were  obtained  from 
healthy  normal  dogs.  They  were  excised  aseptically  and  were 
minced  by  passing  rapidly  through  a  hashing  machine.  Three 
flasks  of  liver  w^ere  prepared  for  each  experiment  and  all  were 
diluted  with  a  quantity  of  physiological  salt  solution,  equal  in 
amount  to  the  number  of  grams  of  tissue  used.  To  one  flask 
acetic  acid  w^as  added  until  the  required  concentration  was  reached, 
to  another  sodium  hydrate  was  added  to  a  like  concentration,  and 
the  third  flask  was  kept  at  neutral  reaction.  All  the  mixtures  were 
allowed  to  stand  for  twenty-four  hours  on  ice,  and  then  the  acid 
flask  was  neutralized  with  X/io  sodium  hydrate  and  the  alkaline 

^  Hedin,  Festschr.  f.  Olof  Hammarsten,  Upsala,  1906,  vi,  i. 
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flask  with  acetic  acid.  Corresponding  amounts  of  sodium  hydrate 
and  acetic  acid  were  not  added  to  the  neutral  flask  because  the  re- 
sulting salt  was  found  to  exercise  no  influence  upon  autolysis. 
After  neutralization  equal  amounts  of  the  liver  mixtures  were  with- 
drawn from  each  flask  and  allowed  to  autolyze  in  the  thermostat  in 
acid,  neutral,  and  alkaline  media.  In  the  earlier  experiments  de- 
naturalized beef  serum  was  added  to  each  flask  as  substrate,  but  its 
use  was  later  discontinued.  Toluol  was  used  in  all  experiments 
as  an  antiseptic. 

Experiment  XIII. — The  liver  was  obtained  from  a  normal  dog  bled  to  death 
from  the  carotid  arteries.  It  was  excised  aseptically  without  perfusion  and 
passed  rapidly  through  a  hashing  machine.  The  liver  was  prepared  for  pre- 
treatment  as  follows  :  5  grams  of  liver  -|-  20  c.c.  salt  solution  ;  5  grams  of  liver  -j-  15 
c.c.  salt  solution -|- 5  c.c.  i  per  cent,  acetic  acid;  5  grams  of  liver -{-15  c.c.  salt 
solution  -f  5  c.c.  i  per  cent,  sodium  hydrate. 

All  the  flasks  were  allowed  to  stand  for  twenty-four  hours  on  ice,  when  the 
acid  and  alkali  were  carefully  neutralized,  and  portions  of  liver  from  each  flask 
allowed  to  autolyze  in  acid,  neutral,  and  alkaline  media  for  five  days  at  37°C. 
Denaturalized  beef  serum  as  substrate  was  used  in  each  mixture.  Each  flask 
contained  one  gram  of  liver.  The  figures  given  represent  the  amount  of  diges- 
tion after  the  subtraction  of  controls. 

Treated  with  Treated  with 

Medium.  0.2;^  acetic  acid.  Untreated.  0.2^  sodium  hydrate. 

0.2^  acetic  acid  14.3  c.c.  N/io  HoSO^  16.6  c.c.  N/io  H.SO^    7.0C.C.  N/10H0SO4 

Neutral  6.1  c.c.  N/io  H,SO,    4.3  c  c.  N/io  H,SO,     1.4C.C.  N/ioH.SO^ 

0.2^  sodmm  car-  I    4  -  c.c.  N/io  H.,SO,    3,4c.c.  N/io  H..SO,     i.oc.c.  N/io  H.SO4 
bonate  J    ^^  -40-+  -4  .4 

Experiment  XIV. — The  liver  of  a  normal  dog  was  excised  aseptically  and 
washed  by  being  thoroughly  perfused  with  salt  solution.  The  liver  was  pre- 
pared for  pretreatment  as  follows :  10  grams  of  liver  -}-  20  c.c.  salt  solution ;  10 
grams  of  liver -f-  17.6  c.c.  salt  solution -f- 2.4  c.c.  5  per  cent,  acetic  acid;  10  grams 
of  liver  -|-  17.6  c.c.  salt  solution  -f  2.4  c.c.  5  per  cent,  sodium  hydrate. 

The  flasks  were  allowed  to  stand  for  twenty-four  hours  on  ice.  The  acid 
and  alkali  were  then  carefully  neutralized  and  the  liver  allowed  to  autolyze  in 
acid,  neutral,  and  alkaline  media  with  denaturalized  beef  serum  as  substrate. 
The  duration  of  digestion  was  five  days  at  37° C.  Each  flask  contained  2.5  grams 
of  liver.     The  controls  have  been  subtracted  from  the  amounts  of  digestion  noted. 

Treated  with  Treated  with 

Medium.  0.4^  acetic  acid.  Untreated.  o.^i  sodium  hydrate. 

0.4^  acetic  acid  27.7  c.c.  N/io  H0SO4  37.3  c.c.  N/io  H2SO4    1.3  c.c.  N/io  HoSO* 

Neutral  15.6  c.c.  N/io  H0SO4  10.5  c.c.  N/io  H,S04  10.4  c.c.  N/io  H.SO* 

0.2^  sodium  car-  |  ^  ^  ^^^^  ^^^^^     ^     ^^  ^^^^  ^  ^^^  ^^  ^^^^  ^^^^ 

bonate 


,     ...  Treated  with 

Treatc.   w.th  Untreated  o.^H  sodium  hydrate. 

Medium.  0.4^  acetic  ac.d.  Untreated.  xr  /  ,^  T  T  c:n 

0.4.^  acetic  acid  26.1  c.c.  N/ioILSO.  37-1  c.c.  ^/ 10           .  /                  .j  ^q 

Neutral  1O.3  c.c.  N/io  ILSO.  154  cc.  N/10  ILSO.  6.5  c.c.  N/io  Irl.bU, 

0.2^  sodium  car-  \  13.5  c.c.  N/io  II.SO,    3.2  c.c.  N/ioH^SO,  8.1  c.c.  N/10  II.SO4 

bonate  ) 

ExPERn,EST  XV.-Xormal   dog's  liver   was  excised  aseptically  and   rapidly 

e   carefully   cashed   by   centrifngalization   .Uh   Ph^'s.o  og.cal   s  It   sc^uuon^ 
•  .   J     f  4,..^  flocl-c    iItp     ver  in  one  of  which  was  trcaieu  wnn 

-t:  e:rr  t^.^9;-^ -^  ^- r-  --rt^ 
rare;-;--/.:-:!::  m.;!  ^p^^^:^zf  i^  :rt 

Xertdin  the  lushed  cells  is  dependent  upon  the  loss  of  hver  enzyme  dur.ng 
the  process  of  washing  and  centnfngalization. 

Unwashed  cells. 
Treated  with 
Mediun,.  0.3,.  acetic  ackl.  "-'""■""';  c^ 

■J  .-  ^  rr   WioH.SO,  4Q.QC.C.  N/ioH.bU< 

NevUaT'^  3':     -c  ^^ol  Z  e.c  N/.o  H..SO. 

o^Tsolinm  carbonate       ■g.c.c.  NV.oH.Sa  .;,c.c.  N/toH.SO. 

Washed  cells. 

Treated  with 
Medium.  „..?  acetic  acid.  V.Uc^icA 

0  2^  acetic  acid  20.2  c.c.  N/io  H.SO.  26.1  c.c.  N/.o  H.SO. 

K„„tr.l  i3.3c.c.N/ioH,SO.  12.7C.C.N/10H.SO, 

o:"s:dinn,  carbonate       ,6.7  c.c.  N/:oH,SO.  to..c.c.  N/:oH.SO. 

Experiment  XVI.-The  liver  was  obtained  from  a  normal  dog.  It  was 
excfsedT  eprically  and  hashed  without  being  perfused.  Flasks  were  prepared  for 
excised  asepiicany  a  Hver  +  20  c.c.  salt  solution;  10  grams  of 

pretreatment  as  follows:  10  grams  ot  nver^-^u  ,„„„„„  of  liver  4- 

liver  +  176  c.c.  salt  solution  +  2.4  c.c.  5  pcr  cent,  acetic  acid,  10  grams  ot  Iner  -p 
17.6  c.c.  salt  solution  +  2.4  c.c.  5  per  cent,  sodium  hydrate. 

All  flasks  were  allowed  to  stand  twenty-four  hours  on  ice    after  "  "'^h  "•<= 
id    ndalkal   were  neutralized.    The  liver  was  allowed  to  autolyze  for  (^ve  days 
::  37«C     N:  s:rra"e  was  added.    Each  autolytic  mixture  contained  2.5  grams 
of  liver.    The  controls  have  been  substracted. 
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Medium. 
0.2^  acetic  acid 
Neutral 

0.4^  sodium  car- 
bonate 


Treated  with  Treated  with 

0.4^  acetic  acid.  Untreated.  0.4^  sodium  hydrate. 

22.5  c.c.  N/ioH,SO,  34.8  c.c.  N/ioH,SO,  3-9  cc  N/ioH.SO^ 

17.2C.C.  N/ioH,SO,  i2.8c.c.  N/ioILSO,  0.4C.C.  N/io  H,SO, 

16.8  c.c.  N/io  H,SO,    7.7  C.C.  N/io  H^SO,  o.i  c.c.  N/io  ILSO* 


Experiment  XVII. — A  normal  dog  was  bled  to  death  from  the  carotid 
arteries.  The  liver  was  used  without  being  perfused.  The  flasks  were  prepared 
for  pretreatment  as  follows:  10  grams  of  liver -f- 20  c.c.  salt  solution;  10  grams 
of  liver -|- 17.6  c.c.  salt  solution -f  2.4  c.c.  5  per  cent,  acetic  acid;  10  grams  of 
liver  -f-  17-6  c.c.  salt  solution  -{-  2.4  c.c.  5  per  cent,  sodium  hydrate. 

All  flasks  stood  for  twenty-four  hours  on  ice.  The  acid  and  alkali  were  then 
neutralized  and  the  autolytic  mixtures  prepared.  The  duration  of  digestion  was 
five  days  at  37°C.  No  substrate  was  added.  This  liver  was  especially  active  in 
alkali  when  fresh,  so  that  it  was  impossible  to  increase  to  any  degree  the  alkaline 
activity  by  acid  treatment.  Figures  representing  digestion  are  given  both  before 
and  after  the  subtraction  of  controls  in  order  to  show  how  the  acid-treated  liver 
may  apparently  exhibit  no  increase  of  activity  because  a  high  control  must  be 
deducted  from  the  observed  amounts  of  digestion. 

The  figures  represent  cubic  centimeters  of  N/io  sulphuric  acid. 


Medium. 


0.2  per  cent,  acetic  acid 

Neutral 

0.2    per    cent,    sodium 

carbonate 
0.4    per    cent,    sodium 

carbonate 


Treated  with  0.4  per 
cent,  acetic  acid. 


Digestion 
observed 


25.5  c.c. 
20.9  c.c. 

24.7  c.c. 

21.4  c.c. 


Same  with 

control 
subtracted. 


14.8  c.c. 
10.2  c.c. 

14.0  c.c. 

10.7  c.c. 


Untreated. 


Digestion 
observed. 


28.6  c.c. 
15.2  c.c. 

18.9  c.c. 

13.6  c.c. 


Same  with 

control 
subtracted. 


23.2  c.c. 

9.8  C.C. 

13.5   C.C. 

8.2  C.C. 


Treated  with  0.4  per 
cent,  sodium  hydrate. 


Digestion 
observed. 


6.9  C.C. 

8.8  C.C. 


Same  with 

control 
subtracted. 


0.9  C.C. 

2.8  c.c. 


9.2  c.c.       3.2  c.c. 


7.4  c.c. 


1.4  c.c. 


These  experiments  are  in  agreement  with  the  experiments  of 
Hedin^^  upon  the  effect  of  acid  treatment  upon  autolysis  of  spleen. 
In  every  instance  treatment  of  liver  with  weak  acetic  acid  has 
markedly  increased  the  amount  of  subsequent  autolysis  in  sodium 
carbonate.  The  increase  of  autolysis  in  alkali  is  in  most  instances 
paralleled  by  a  like  increase  in  neutral  medium.  The  degree  of 
increased  activity  obtained  is  dependent  upon  the  initial  activity  in 
alkali  of  the  liver  w-hen  fresh  and  upon  the  duration  of  the  time 
of  treatment.  Pretreatment  of  fresh  liver  with  alkali  differs  from 
like  treatment  with  acid  for  it  results  in  the  destruction  of  prac- 
tically all  proteolytic  power,  whatever  the  subsequent  medium  of 

^  Hedin,  loc.  cit. 
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<.Hi;"csti()ii  in.'iN'  ])c.  IIr'  iiuTcasc  of  aclivily  ])r<Hliu-c'(l  by  acid 
trcatiiKMU  is  not  ciitin-K'  diu'  lo  ihc  dcslructive  aclion  of  acid  upon 
llic  anli-cnzvniolic  j)o\v(.'r  of  any  scnini  tlial  may  ri'inain  in  the 
tissue,  for  in  I'^xptTinionl  X\'  increase  of  aul(;lysis  in  alkaline  med- 
ium observed  in  cells  tlior(JuiL;"bly  wasbed  in  salt  solution  is  some- 
^vllat  jureater  tban  in  tbose  cells  wbicb  bave  not  been  wasbed.  Tbe 
addition  lo  ibe  autolytic  mixtures  of  denaturalized  beef  serum 
causes  inbibilion  of  autolysis  in  alkaline  medium.  To  tbis  tber- 
mostabile  inbibitory  power  is  attributable  tbe  comparatively  low 
dei^rees  of  alkaline  digestion  after  acid  treatment  of  liver  observed 
in  ibosc  experiments  in  wbicb  beated  serum  bas  served  as  substrate. 
In  acid  medium,  on  tbe  otber  band,  denaturalized  serum  is  actively 
attacked. 

In  discussing  tbe  increased  activity  of  acid-treated  liver  in  alka- 
line medium,  two  otber  factors  must  be  considered.  It  bas  been 
mentioned  tbat  tbe  degree  to  wbich  the  activity  of  liver  in  alkali 
can  be  increased  by  treatment  with  acid  is  dependent  upon  the 
power  of  tbe  liver  to  undergo  self -digestion  in  alkali  when  fresh. 
Another  factor  which  diminishes  the  apparent  activity  pro- 
duced by  acid  treatment  is  the  necessity  of  subtracting  a  large 
control  referable  to  autolysis  which  takes  place  on  ice  during 
pretreatment  with  acid.  Both  of  these  factors  are  well  il- 
lustrated in  Experiment  XV^II.  The  liver  in  this  experiment  is 
more  active  in  alkaline  medium  than  any  that  has  been  studied. 
Consecjuently,  the  increase  of  activity  in  alkali  produced  by  acid 
treatment  is  comparatively  small,  and  because  the  difference  be- 
tween the  controls  of  the  acid-treated  and  the  untreated  liver  is 
large,  entirely  disappears  when  the  figures  representing  controls  are 
subtracted  from  those  representing  digestion.  Such  active  livers 
are,  however,  rarely  observed,  and  the  commonest  type  of  activity 
is  illustrated  by  Experiment  XVI,  in  which  acid-treatment  more 
than  doubles  the  amount  of  subsequent  autolysis  in  sodium  car- 
bonate. 

There  is  some  reason  to  believe  that  tbe  inactivitv  following: 
pretreatment  of  liver  with  0.4  per  cent,  sodium  hydrate  is  not  re- 
ferable to  the  complete  destruction  of  the  proteolytic  enzyme,  but 
is  due  to  tbe  fixing  of  the  enzyme  in  tbe  inactive  state  in  which  it 
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exists  within  the  liver  cells.  In  Experiment  XIV  the  liver  is  fairly 
active  in  neutral  and  alkaline  media  after  treatment  with  alkali, 
but  shows  no  activity  in  acid  medium  after  the  treatment.  This 
has  been  observed  in  a  few  other  experiments  and  the  possibility 
that  the  heated  serum  added  in  this  instance  contained  a  substance 
capable  of  activating  the  alkaline  enzyme  of  liver  was  considered, 
but  attempts  to  confirm  this  observation  were  negative.  In  fact, 
all  attempts  to  reactivate  the  proteolytic  enzymes  of  liver  after 
alkaline  treatment  have  failed.  When  fresh  pancreas  is  treated 
with  sodium  hydrate  there  is  the  same  inactivity  observed  as  after 
like  treatment  of  liver,  but  this  inactive  pancreatic  extract  can 
readily  be  activated  by  the  addition  of  enterokinase.  This  fact 
will  be  more  fully  discussed  in  a  future  publication.  Furthermore, 
when  liver  which  has  become  active  in  alkaline  medium  by  standing 
is  treated  with  0.4  per  cent,  sodium  hydrate,  inactivity,  which 
occurs  when  fresh  liver  is  so  treated,  is  not  produced. 

From  the  experiments  detailed  above,  it  is  obvious  that  the 
effects  of  acid  and  of  alkali  treatment  on  fresh  liver  are  distinctly 
opposite,  the  former  increasing  the  proteolytic  activity  in  neutral 
and  alkaline  media,  wiiereas  the  latter  diminishes  or  totally  abol- 
ishes activity  in  all  media.  The  power  of  alkali  to  decrease  autoly- 
sis can  scarcely  be  termed  an  inhibition  of  active  enzyme  but  must 
be  looked  upon  as  a  preservation  of  the  enzyme  which  acts  in  alka- 
line medium  in  an  inactive  condition.  When  this  enzyme  has  been 
activated,  for  instance,  by  standing  or  by  acid  treatment,  weak 
concentrations  of  alkali  form  a  favorable  medium  for  its  action. 

In  contrast  to  the  effect  of  alkaline  treatment  upon  the  proteo- 
lytic enzymes  of  liver  and  pancreas  is  its  effect  upon  the  alkaline 
enzyme  of  the  polymorphonuclear  leucocyte  of  inflammatory  exu- 
dates. The  following  experiment  show^s  that  leucoprotease  main- 
tains its  activity  when  kept  continuously  in  alkaline  medium  and 
is  able  to  effect  proteolysis  after  treatment  with  sodium  hydrate. 

Experiment  XVIII. — Leucocytes  were  obtained  by  injecting  sterile  aleuronat 
into  the  pleural  cavity  of  a  dog.  The  resulting  exudate  was  centrifugalized  and 
the  cells  carefully  washed  with  salt  solution.  One  part  was  treated  with  0.2  per 
cent,  acetic  acid  for  twenty-four  hours  on  ice  another  was  allowed  to  stand  in 
neutral  medium,  and  a  third,  in  0.2  per  cent,  sodium  hydrate  for  the  same  period 
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of  time.  The  acid  nnd  alkali  were  then  carefully  neutralized  and  the  digestive 
power  of  the  cells  delerniined  in  acid,  neutral,  and  alkaline  media.  Denaturalized 
beef  serum  was  used  as  substrate.    The  same  quantity  of  cells  was  employed  for 

eacli  lot.      Ilie  controls  ha\c  lucn  subtracted. 

Treated  with  Treated  with 

^rcdium.  0.2^  acetic  acid.  Untreated.  0.2^  sodium  hydrate. 

0.2J^  acetic  acid  lO.Qc.c.  N/io  H2SO4  12.3  c.c.  N/io  ILSO4     1.2  c.c.  N/io  H2SO4 

Neutral  9.5  c.c.  N/io  ILSO,  12.8  c.c.  N/io  ILSO,    8.7  c.c.  N/io  H,SO« 

0.4^  sodium  car-   I    9.7  c.c.  N/iQ  H,SO,    97  c^.  N/io  H,SO,    5-6  c.c.  N/io  H,SO« 
bonatc  j 

In  this  experiment  acid  treatment  has  not  increased  the  power 
of  subsequent  digestion  in  neutral  medium  or  in  sodium  carbonate. 
Pretreatment  with  0.2  per  cent,  sodium  hydrate  does  not  destroy 
proteolytic  activity  later  tested  in  neutral  and  alkaline  medium, 
although  the  corresponding  activity  of  liver  and  pancreas  so  treated 
is  destroyed.  The  digestion  observed  in  acid  medium  is  referable 
in  part  to  the  activity  of  the  mononuclear  cells  which  Opie^^  has 
shown  contain  an  enzyme  acting  in  acid  medium.  Inasmuch  as 
this  enzyme  is  very  sensitive  to  alkali,  it  is  almost  completely 
destroyed  by  treatment  with  sodium  hydrate. 

Experiment  XIX. — The  leucocytes  obtained  from  a  sterile  abscess  produced 
by  turpentine  were  washed  as  in  the  previous  experiment.  One  part  was  allowed 
to  stand  in  neutral  medium  and  another  in  0.4  per  cent,  sodium  hydrate  for 
twenty-four  hours  on  ice.  The  alkali  was  then  neutralized  and  the  digestive 
power  of  the  mixtures  determined  as  before.  No  substrate  was  added.  Each 
flask  contained  an  equal  quantity  of  cells. 

Treated  with 
Medium.  Untreated.  0.4^  sodium  hydrate. 

0.2^  acetic  acid  4.7  c.c.  N/io  H0SO4       1.3  c.c.  N/io  HoSO* 

Neutral  6.2  c.c.  N/io  H.SO^       71  c.c  N/io  H.SO^ 

0.2;^  sodium  carbonate        8.1  c.c.  N/io  H2SO4       4.9  c.c.  N/io  H.SO^ 

In  this  instance,  even  though  the  concentration  of  alkali  was  in- 
creased to  0.4  per  cent.,  the  cells  were  later  able  to  effect  proteolysis 
in  neutral  and  alkaline  media. 

From  these  experiments  it  appears  that  leucoprotease  is  different 
from  the  alkaline  enzymes  of  liver  and  pancreas,  for  it  exists  in  the 
cells    of    inflammatory    exudates    in    an    active    condition.     This 

"  Opie,  Jour,  of  Exper.  Med.,  1906,  viii,  410. 
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assumption  is  based  upon  observations  of  the  effect  of  alkali  upon 
the  proteolytic  enzymes  of  liver  and  pancreas.  It  has  been  demon- 
strated that  alkali  tends  to  preserve  the  enzyme  in  the  inactive 
condition,  and  pretreatment  with  sodium  hydrate  renders  perma- 
nent this  inactivity ;  it  is  noteworthy  that  pancreas  can  be  activated 
subsequently  by  a  specific  substance,  enterokinase  of  succus 
entericus. 

The  work  described  may  be  summed  up  in  a  few  general  con- 
clusions. Autolysis  of  fresh  normal  liver  progresses  ifiuch  more 
favorably  in  acid  than  in  alkaline  medium.  When  fresh  liver  is 
placed  on  ice  in  neutral  and  in  alkaline  solution,  the  power  of 
autolysis  in  neutral  and  alkaline  media,  when  tested  from  week  to 
week,  increases  markedly,  whereas  autolysis  of  the  same  mixtures 
in  acid  medium  decreases  somewhat.  The  addition  of  acid  to 
fresh  liver  develops  the  maximal  autolytic  activity  in  acid  medium. 
Pretreatment  of  fresh  normal  liver  with  weak  acetic  acid  increases 
the  amount  of  subsequent  autolysis  in  neutral  and  alkaline  media. 
The  enzyme  of  liver  which  is  capable  of  proteolysis  in  alkaline 
medium  probably  exists  in  the  cell  in  an  inactive  state  and  requires 
activation  for  the  development  of  its  maximal  activity.  If  the  acid 
enzyme  of  liver  exists  in  an  inactive  condition,  it  is  readily  ac- 
tivated by  acid  which  is  the  best  medium  for  its  action.  Dog's 
liver  probably  contains  two  proteolytic  enzymes,  one  acting  best 
in  acid  and  the  other  in  alkaline  medium.  The  inhibitory  effect  of 
alkali  upon  liver  autolysis  is  probably  referable  to  the  preservation 
of  the  inactive  state  of  the  alkaline  enzyme.  The  maintenance  of 
the  normal  equilibrium  of  the  proteolytic  enzymes  of  the  liver  cell 
must  be  intimately  dependent  upon  the  preservation  of  tissue  neu- 
trality; inasmuch  as  we  know,  on  the  one  hand,  that  acid  reaction 
means  increased  activity  even  if  the  acidity  is  subsequently  over- 
come, and,  on  the  other  hand,  increase  of  alkaline  reaction  causes 
retardation  of  proteolysis  by  preventing  the  activation  of  the  alka- 
line enzyme.  The  observation  that  leucoprotease  exhibits  proteo- 
lytic activity  after  pretreatment  with  sodium  hydrate  suggests  that 
this  enzyme  exists  in  an  active  state  in  the  cells  of  inflammatory 
exudates. 

I  wish  to  express  my  thanks  to  Dr.  E.  L.  Opie  for  his  sugges- 
tions and  for  his  interest  in  the  progress  of  this  work. 


A/O,  /<? 
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Plates  LXVI-LXVIII. 

Among  the  many  recent  observations  on  transmissible  neoplasms 
are  several  which  may  have  greatly  enlarged  our  knowledge  of 
tumor  behavior  and  certainly,  for  the  present,  have  somewhat  con- 
fused it.  The  tumors  of  the  low^er  animals  first  studied  experi- 
mentally— those  of  the  rat  and  mouse — were  found  to  conduct 
themselves  much  as  do  human  neoplasms;  and  results  with  them 
rather  strengthened  than  changed  our  conception  of  tumor-char- 
acters. But  there  have  since  been  discovered  a  number  of  trans- 
missible new  growths  of  unusual  behavior,  among  them  a  sarcoma 
of  the  dog,  transmissible  at  coitus  (Sticker,  Ewing),  an  endemic 
carcinoma  of  fishes  (Plehn,  Pick,  Gaylord),  and  a  new  growth  of 
hares  (von  Dungern  and  Coca),  transplantable  to  animals  of 
another  species.  All  of  these  in  their  conduct  differ  more  or  less 
markedly  from  the  classical  neoplasms,  and  whether  they  are  to 
be  accepted  as  genuine  tumors  is  still  doubtful.  On  the  other  hand, 
it  is  possible  that  our  conception  of  tumor-behavior,  based  as  it  is 
on  observations  among  few  species,  has  been  too  narrow. 

At  this  time  then  the  discovery  and  study  of  transmissible  tumors 
in  new  species  or  classes  of  animals  has  an  exceptional  value.  And 
it  is  for  such  reason  that  a  sarcoma  of  the  chicken — the  first  avian 
tumor  wdiich  has  proved  transplantable  to  other  individuals — will 
here  be  dealt  with  in  some  detail. 

New  growths  are  not  rare  among  birds,  and  those  of  the  common 
fowd  have  had  attention  from  several  investigators.  Fibromas, 
myomas,  lymphomas,  carcinomas  and  sarcomas,  some  of  them  with 

^Received  for  publication  June  13,  1910. 
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metastases.  lia\c  been  dcscTibcd.  I^lircnrcic-li,'-^  and  'J'yzzcr  and 
Ordway''  lia\e  made  attempts  al  transplantation,  hnt  without  suc- 
cess, it"  one  exeepi  an  auto-transplantation  of  a  l\'m])lioma  acconi- 
])lislie(l  l)y  the  latter  authors,  hdlerman  and  Hani;'  have  shown 
chicken  leukemia  to  he  transmissihlc,  and  in  some  of  their  animals 
aleukemic  lymj)homata  resulted  from  inoculation.  lUit  they  have 
also  shown,  as  ha\e  llirschfeld  and  Jacohy,"""  that  the  disease  is  de- 
pendent on  a  Idterahle  \irus. 

The  tumor  here  reported  was  found  in  a  harred  Plymouth  Rock 
hen  of  liiiht  color  and  pure  hlood.  It  had  existed  for  some  two 
months  before  the  fowl  was  brought  to  the  laboratory,  becoming 
noticeable  when  the  host  was  about  fifteen  months  old.  The  sar- 
coma described  by  Ehrenrcich  and  the  myxosarcoma  of  Tyzzerboth 
occurred  in  adult  fowls. 

In  this  hen  there  was  present,  projecting  sharply  from  the  right 
breast,  a  large,  irregularly  globular  mass.  It  had  developed  slowly, 
and  without  apparent  involvement  of  the  health  of  the  host.  Oper- 
ation was  done  under  ether  and  nearly  all  of  the  growth  removed. 
When  sliced  it  was  found  to  have  undergone  a  widespread  coagula- 
tion-necrosis at  the  center,  but  there  was  a  rim  of  translucent,  rather 
friable,  yellowish-pink  tissue  of  glistening,  finely  striated  surface. 
Macroscopically,  the  growth  suggested  a  sarcoma.  Bits  of  it  were 
at  once  inoculated  by  means  of  a  trocar  into  the  other  breast  and 
peritoneal  cavity  of  the  host.  Like  inoculations  wxre  also  made 
into  two  hens  from  the  same  setting  of  eggs.  Thirty-five  days 
later  the  original  host  was  dead  of  intraperitoneal  growths,  and  in 
the  breast  of  one  of  the  other  fowls,  a  large  nodule  had  developed. 
A  summary  of  the  protocols  follows. 

Oct.  I,  1909.  Operation  on  Original  Tumor. — The  fowl  bearing  the  growth 
is  a  strong,  young  hen.  The  mass  is  situated  on  the  right  breast,  in  the  sub- 
cutaneous tissue,  and  is  somewhat  movable.  It  is  irregularly  spherical  in  shape, 
firm,    smooth,   well-defined,    and   projects    sharply    from   the   breast   contour.     It 

■  M.  Ehrenrcich  and  L.  Michaelis,  Zeit.  f.  Krchsforsch.,  1906,  iv,  586;  M. 
Ehrenreich,  Med.  Klin.,  1907,  iii.  614. 

^  E.  E.  Tyzzer  and  T.  Ordway,  Jour,  of  Med.  Research,  1909,  xxi,  459. 

*V.  Ellerman  and  O.  Bang,  Cent.  f.  Bakt.,  Orig.,  1908,  xlvi,  595;  Zeit.  f. 
Hygiene  u.  Infektionskrank.,  1909,  Ixiii,  23T. 

°  H.  Hirschfeld  and  M.  Jacoby,  Zeit  f.  klin.  Med.,  1909-10,  Ixix,  107. 
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measures  4.8  by  4.1  by  4.1  centimeters.  At  its  outer  pole  the  skin  is  attached 
and  thinned,  with  several  slight  ulcerations  over  which  are  dry,  dark-red  crusts. 
Elsewhere,  the  skin  is  uninvolved,  though  the  subcutaneous   fat  is  thinned. 

Under  ether  most  of  the  mass  was  to-day  excised,  a  piece  i  by  3  by  0.5  centi- 
meters being  left  in  situ.  The  growth  shelled  out  easily  from  the  surrounding 
tissue,  and  was  enclosed  in  a  capsule  well  supplied  with  blood-vessels. 

The  part  removed  is  found  on  section  to  consist  of  a  rim  of  translucent, 
rather  friable  tissue  about  a  center  that  has  undergone  coagulation  necrosis  and 
is  firm,  yellow  and  opaque.  The  rim-tissue  is  glistening,  yellowish-pink,  finely 
striated.  No  debris  comes  away  from  it  on  scraping,  and  its  surface  remains 
smooth.  The  region  of  coagulation-necrosis  is  serpiginous  in  outline  and  forms 
much  the  larger  part  of  the  mass. 

Implantation  was  made  by  means  of  a  large  trocar  into  the  muscles  of  the 
left  breast  of  the  same  fowl  and  also  into  the  peritoneal  cavity.  Bits  of  the 
tumor-rim  approximating  0.03  cubic  centimeter  were  thrust  into  each  site.  Simi- 
lar implantations  were  carried  out  on  two  young  hens  of  the  same  brood.  Xo 
cultures  were  taken  at  this  time. 

Nov.  5,  1909.  Autopsy  of  the  Timior  Fozvl,  Which  Died  Yesterday. — The 
fragment  of  the  original  growth  is  no  longer  to  be  found,  but  in  the  muscle  of 
the  left  breast  is  an  ovoid  mass  1.5  by  1.5  by  2.2  centimeters,  with  similar  necrotic 
center  and  translucent  marginal  zone.  It  has  no  dofmitc  capsule  and  is  not 
sharply  separated  from  the  muscle  al^out  it.  The  peritoneal  cavity  contains  about 
20  cubic  centimeters  of  a  thin,  straw-colored  tluid.  Attached  to  the  lower 
margin  of  the  liver,  to  the  oblique  membrane,  and  to  the  parietal  peritoneum  are 
many  firm,  pale  yellow,  ovoid  or  globular  nodules,  the  largest  about  i  centi- 
meter in  diameter.  On  section  these  resemble  the  nodule  in  the  left  breast, 
except  that  in  them  the  necrosis  is  irregularly  distributed.  At  the  pelvic  region, 
where  several  of  the  masses  have  coalesced,  softening  and  necrosis  are  extensive. 
Smears  from  fragments  taken  here  show  no  tubercle  bacilli;  but  with  aqueous 
methylene  blue  a  large  rod-shaped  bacillus,  presumably  a  post-mortem  invader, 
is  demonstrable.     No  growths  are  present  in  the  other  organs. 

Nov.  5,  190Q.  In  the  muscle  of  the  left  breast  of  one  of  the  young  hens 
inoculated  on  October  i  is  a  firm  mass  measuring  2.5  by  3.5  centimeters.  (The 
remainder  of  this  protocol  is  given   further  on.) 

Microscopic  preparations  of  the  original  growth,  and  of  the 
nodules  developing  elsewhere  in  the  host  on  implantation,  have 
shown  it  to  be  a  spindle-celled  sarcoma.  The  growths  from  all 
latter  transplantations  have  yielded  similar  pictures,  so  the  histology 
of  the  tumor  will  now  be  taken  up. 

In  a  typical  section  one  observes  loose  bundles  of  spindle-cells 
coursing  in  every  direction,  and  separated  from  the  lesser  blood- 
vessels only  by  endothelium  (Plate  LXVII,  Figs.  3  and  4).  Where 
such  a  bundle  is  cut  transversely,  the  appearance  is  that  of  a  group 
of  round  cells  of  varying  sizes.     With  Mallory's  phosphotungstic 
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acid  stain  inlrrcrllnl.'ir  (il)rils  arc  (lcnionslral)lc.  llion^li  llic\'  arc  rare 
in  (lie  more  cellular  pnrlions  of  the  J4r(j\\tli.  The  s])in(llc  cells,  wliile 
in  i;i'iieral  lar^e,  \ai\-  nini'h  in  size  and  sha])e ;  some  are  short 
and  plnmp.  some  continued  into  loni^-,  slender  i)rocesses.  The  nn- 
cleus  is.  as  a  rule,  IarL;e  and  \  esicular,  with  a  loose  network  and 
several  coarse  masses  of  chromatin.  Occasionally,  it  is  rod-shaped, 
and  not  seldom  pyknotic.  To  the  more  slender  cells,  it  ^ives  a 
Imli^ed  outline  at  that  rej^don  where  it  is  located.  Mitosis  is  fairly 
fre(pient  and  cells  with  two  to  fi\'e  or  six  nuclei  are  nf)t  rare.  "Jdiese 
small  i^iant-cells  i;ive  to  the  growth  here  and  there  a  some- 
what polymorphous  appearance.  They  are  especially  to  he  found 
where  necrosis  is  beginninj;^*.  The  widespread  necrosis  seems  in 
general  dependent  on  insufficient  vascularization,  although  hemor- 
rhage from  the  thin-walled  vessels  is  also  occasionally  responsible. 
In  some  of  the  later  growths  a  myxomatous  degeneration  has  sepa- 
rated the  cells,  and  in  at  least  one  there  has  followed  a  lifjuefaction 
with  formation  of  a  cyst. 

The  original  tumor  was  better  encapsulated  than  those  resulting 
on  transplantation.  Indeed,  it  gave  clinically  the  picture  of  a 
benign  growth  until  after  its  dissemination  at  operation.  The 
apparent  liberation  from  restraints  that  took  place  then  is  a  phe- 
nomenon that  has  been  noted  by  others^'  for  the  neoplasms  of  rats 
and  mice.  Infiltration  has  been  the  rule  since.  Search  shows  that 
it  was  also  present  to  some  extent  in  the  original  growth  before 
operation,  despite  the  considerable  encapsulation.  The  tumor  cells 
had  pressed  through  this  capsule  here  and  there  and  invaded  the 
muscle.  The  muscle  fibers  in  their  breaking  dow^n  furnished  on 
transverse  section  some  remarkable  pictures  of  pseudo-giant-cells 
(Plate  LXVIII,  Fig.  5). 

Following  the  growth's  successful  transplantation,  an  attempt 
was  made  to  propagate  it  further.  At  this  writing,  it  is  in  its 
fourth  generation.  The  results  bring  out  in  an  interesting  way  the 
importance  of  blood-relationship  to  the  transmission.  The  tumor 
has  never  thriven  except  in  the  intimately  related  fowls  of  the  pure- 
blood  stock  in  which  it  was  first  noticed.  The  members  of  this 
stock  were  few  and  their  relationship  to  one  another  can  be  stated 
with  considerable  accuracy. 

"L.  Loeb,  Jour,  of  Med.  Research,  IQOI,  vi,  28. 


700  A  Transmissible  Avian  Neoplasm. 

The  tumor  was  found  in  one  of  six  hens  of  pure  blood  from  the 
same  setting,  and  these,  with  a  single  cock  of  pure  hhjod  from 
another  source,  formed  the  parent  birds  of  the  stock.  h>om  them 
a  single  generation  of  chickens  had  been  raised  when  the  tumor  was 
noted.  For  the  first  transplantation  two  of  the  parent  hens  (of  the 
same  setting  as  the  tumor  fowl)  were  used,  but  in  the  later  ones 
the  younger  generation  of  chickens  was  employed.  These,  which 
numbered  in  all  only  between  twelve  and  fifteen,  had  at  least  one 
parent  in  common,  some  of  them  two,  and  some  may  have  been 
the  offspring  of  the  tumor  hen,  or  of  that  in  which  the  neoplasm 
grew  on  its  tirst  transplantation.  It  would  be  interesting  to  know 
the  exact  relationship  between  these  two  hens  and  the  young  fowls 
that  proved  susceptible,  but  that  cannot  be  ascertained  because  the 
eggs  were  mixed  indiscriminately  for  setting.  Yet  it  is  evident 
enough  that  the  relationship  between  all  of  the  fowls  of  the  special 
stock  was  a  very  close  one. 

Out  of  twelve  of  this  stock  to  which  it  has  been  transplanted,  the 
tumor  has  grown  in  three,  and  they  have  been  the  hosts  for  the 
tumor  generations  thus  far  accomplished."^  In  sixteen  market- 
bought  Plymouth  Rocks,  superficially  like  the  tumor  stock  but  pre- 
sumably of  impure  blood,  no  growth  has  been  obtained;  nor  has  it 
occurred  in  five  chickens  of  mixed  breed.  In  two  of  three  market- 
bought  Plymouth  Rocks,  which  were  less  than  three  months  old, 
a  transient  growth,  followed  by  retrogression,  was  noted  (Chart 
i).  In  two  pigeons  and  in  two  guinea  pigs  the  results  have  been 
negative. 

The  transplantation  appears  to  succeed  better  in  young  fowls, 
judging  from  its  partial  success  in  the  young,  market-bought  Ply- 
mouth Rocks  and  its  complete  failure  in  adults  of  the  same  sort. 
At  present,  the  tumor,  while  still  growing  in  hosts  of  the  special 
stock,  is  growing  slowdy ;  slow  growth  may  be  attributable  to  the 
fact  that  no  young  fowls  are  available,  for  all  of  the  chickens  of  the 
second  generation  of  this  stock  are  now^  adult. 

Onlv  tw^o  fow'ls  thus  far  have  died  as  a  result  of  the  tumor,  which 
attains  a  large  size  before  the  general   health   is   much   affected. 

'  Since  this  was  written  transplantation  to  similar  fowls  of  pure  blood  from 
another  source  has  proven  successful. 
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(Plate  LXVI,  Figs,  i  and  2).  Thorough  bacteriological  examina- 
tions of  the  neoplasm  have  twice  been  made  at  operation,  but  with 
negative  results.  Metastasis  has  occurred  once,  a  tumor  nodule 
being  found  in  the  left  ventricle  of  a  hen  (second  generation  B) 
from  which  the  growth  had  been  partially  removed  some  weeks 
previously  (Plate  LXVIII,  Fig.  6).  Whether  the  operative  pro- 
cedure or  a  natural  dissemination  was  responsible  for  this  meta- 
stasis cannot,  of  course,  be  determined.  Many  intraperitoneal  in- 
oculations, and  reinoculations  of  negative  individuals  have  been 
made,  but  growth  has  followed  none  of  these. 

A  brief  summary  of  the  remaining  protocols  to  date  will  now  be 
given. 

First  Generation  A. — Xov.  8,  1909.  One  of  the  2  young  hens  inoculated  with 
bits  of  the  original  growth  was  observed  3  days  ago  to  have  in  the  left  breast 
a  mass  measuring  2.5  by  3.5  centimeters.  This  was  operated  upon  today  and 
found  to  be  a  tumor-nodule.  Bits  of  it  were  transferred  with  the  trocar  to  the 
fowls  of  seeoid  generation  A. 

Dec.  12,  1909.  Following  operation  on  the  nodule  it  grew  rapidly  and  to-day 
measured  5.3  by  4  by  3.5  centimeters,  when  it  was  again  cut  into  for  the  sake  of 
inoculation  to  second  generation  B.  Hemorrhage  was  so  profuse,  and  the  mass 
was  found  to  extend  so  deeply  into  the  breast  tissue  that  the  fowl  was  killed. 
At  autopsy,  in  addition  to  the  mass  on  the  breast,  there  was  present  a  discrete, 
firm,  translucent,  grayish-pink  nodule,  0.4  centimeter  in  diameter,  in  the  sub- 
stance of  the  left  ventricle.  ,  Microscopically,  this  proved  to  be  a  metastasis. 
The  other  organs  were  normal.  Fragments  of  the  large  growth  were  placed  in 
bouillon  and  litmus  milk,  on  sheep-serum  agar,  plain  agar,  and  Loeffler's  blood- 
serum.  Also  cultures  were  taken  on  gelatine,  glucose  bouillon,  potato,  the 
peptone  medium,  and  glucose  agar.  These  were  under  observation  for  several 
weeks.  Bacterial  growth  occurred  in  none  of  them.  The  Loeffler's  blood  serum 
was  quite  actively  digested  by  the  fragment  resting  on  it.  Direct  smears  from  the 
fresh  tissue  were  examined  for  bacteria,  including  acid-fast  bacilli,  but  with  nega- 
tive results. 

Alay,  1910.  The  other  animal  of  first  generation  A  has  remained  free  of 
tumor  and  healthy  to  date. 

Second  Generation  A. — Xov.  8,  1909.  Six  market-bought  Plymouth  Rock 
chickens,  2  pigeons  and  2  guinea-pigs  were  inoculated  with  tumor-bits  in  the 
muscle  of  the  right  breast  and  also  intraperitoneally.  The  material  w^as  obtained 
from  first  generation  A   (q.  v.). 

Jan.  27,  1910.  The  chickens  were  reinoculated,  this  time  into  the  left  breast, 
with  material  from  second  generation  B. 

i\Iay,  1910.     All  are  still  without  sign  of  tumor. 

Second  Generation  B. — Dec.  10,  1909.  Three  market-bought  Plymouth  Rock 
chickens  less  than  3  months  old,  and  6  young  fowls,  6  months  old,  of  the  tumor 
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stock,  WATi'  inoculated  in  liotli  lircasts  with  hits  of  the  {4r(jwlh  frc^iii  the  jjositive 
fowl  of  first  f/i'iirrdtioii  . /.  The  t,  market-bought  chickens  sickened  and  died 
within  IJ  weeks  thereafter.  In  one  was  no  trace  of  tumor;  in  the  second  was 
a  small  nodule  (0.6  centimeters  in  diameter)  that  had  undergone  myxomatous 
degeneration;  in  the  third,  a  small  cyst  (i.o  centimeters  broad),  formed  by 
degeneration  and  liquefaction  of  tumor-tissue.  Some  fragments  of  this  tissue 
still  existed  at  the  well-encapsulated  i)eriphcry  of  the  cyst. 

Jan.  17.  1010.  Of  the  6  fowls  from  the  tumor  stock  one  had  developed  at  this 
date  a  tumor  mass  1.3  centimeters  in  diameter.  Jan.  27,  1910.  The  nodule 
measured  J.s  centimeters  and  was  operated  upon  for  transfer  into  third  genera- 
tion A  (q.  V.)  and  for  reinoculation  of  second  generation  A.  At  this  time  many 
cultures  were  taken  and  stains  made  for  bacteria  but  with  negative  results. 
During  the  next  few  weeks,  the  mass  decreased  in  size,  and  no  sign  of  renewed 
growth  was  observed  until  March  21,  1910.  April  7,  1910.  Growth  has  of  late 
l)ecn  rapid  and  the  n;ass  when  today  cut  into  measured  4  l)y  3  by  2  centimeters. 
Inoculation  was  done  into  third  Generation  B.  April  18,  1910,  the  mass  operated 
upon  measured  5  by  2)-Z  l^Y  2.5  centimeters  and  was  approximately  egg-shaped, 
tirm  and  smooth  (Plate  LXVI,  Fig.  i).     The  wound  had  healed  perfectly. 

In  none  of  the  other  fowls  of  this  generation  was  growth  obtained. 

Third  Generation  A. — Jan.  27,  1910.  Five  young  fowls  of  mixed  breed,  10 
market-bought  Plymouth  Rocks,  and  4  chickens,  seven  months  old,  of  the  tumor- 
stock  were  inoculated  from  second  generation  B. 

May  9,  19TO.  To  date  none  have  shown  tumors  except  a  cock  of  the  tumor- 
stock  in  wdiich  was  noted  March  21  a  small  lump  on  the  left  breast.  Opera- 
tion was  performed  April  7,  and  inoculation  made  into  fourth  generation  A. 

Third  Generation  B. — April  7,  1910.  Twelve  market-bought  Plymouth  Rocks, 
under  3  months  of  age,  were  inoculated  in  the  muscle  of  both  breasts  and  in  the 
subcutaneous  tissue  of  the  left  breast  with  material  from  second  generation  B. 
June  I,  1910.     In  none  of  these  has  growth  appeared. 

Fourth  Generation  A. — April  7,  1910.  Two  of  the  young  fowls  inoculated  on 
this  date  received  in  the  right  breast  material  from  third  generation  A  instead 
of  from  second  generation  B.  June  i,  1910.  Both  of  these  are  negative  as 
regards  tumor. 

So  far  as  tested  this  new  growth  in  the  chicken  has  proved  itself 
a  neoplasm  of  classical  behavior.  The  peculiarities  which  it  exhibits 
are  those  already  made  familiar  through  observations  on  the  tumors 
of  the  rat,  mouse,  dog  and  man.  The  tissue  specificity  which  has 
limited  its  successful  transplantation  to  fowls  of  the  stock  in  which 
the  primary  growth  arose  is  striking,  but  not  more  so  than  the 
specificity  of  certain  mouse  and  rat  tumors;  and  this  character  may 
in  part  explain  why  previous  attempts  to  transplant  neoplasms  of 
the  fowl  have  failed. 

The  tumor  is  at  best  so  difficult  of  propagation  that  no  attempts 
have  l)een  made  to  determine  whether  it  can  be  transmitted  bv  cell- 
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fragments,  or  by  cell- free  derivatives.  For  the  same  reason,  the 
question  whether  growth  takes  place  entirely  from  the  introduced 
cells  has  not  been  investigated.  But  there  is  no  reason  to  suspect 
that  the  neoplasm  will  differ  on  these  points  from  the  better-known 
tumors  of  mammals. 

It  may  not  be  superfluous  to  point  out  that  such  similarity  of 
behavior  as  has  been  thus  far  observed  between  this  avian  tumor 
and  those  of  mammals  was,  after  all,  largely  to  be  expected.  A 
graft  of  mammalian  tumor  succeeds  better  in  a  blood-related  indi- 
vidual, and  a  young  one,  not  because  it  is  tumor,  but  because  it  is 
tissue.  The  tissue  laws  here  concerned  are  probably  not  very  differ- 
ent in  birds.  Nevertheless,  the  close  correspondence  in  behavior  be- 
tween this  avian  tumor  and  the  typical  mammalian  tumors  is  cer- 
tainly of  interest.  Sticker's  lymphosarcoma  of  the  dog,  which  is 
transplantable  to  foxes,  von  Dungern's  tumor  of  the  hare,  which 
will  also  grow  in  rabbits,  both  deviate  more  from  the  tumor-type 
as  observed  in  mammals  than  does  this  sarcoma  of  the  fowl.  At 
first  sight,  indeed,  the  behavior  of  these  unusual  growths  seems 
in  absolute  violation  of  the  laws  governing  tissues.  Yet  this  is  not 
necessarily  true.  For  in  the  hybridization  of  the  horse  with  the  ass, 
of  the  dog  with  the  wolf,  the  elements  from  different  species  unite 
in  a  much  more  intimate  association  than  exists  between  a  tumor 
and  its  host. 

SUMMARY. 

In  this  paper  is  reported  the  first  avian  tumor  that  has  proved 
transplantable  to  other  individuals.  It  is  a  spindle-celled  sarcoma 
of  the  hen,  which  thus  far  has  been  propagated  into  its  fourth 
tumor  generation.  This  was  accomplished  by  the  use  of  fowls  of 
pure  blood  from  the  small,  intimately  related  stock  in  which  the 
growth  occurred.  Market-bought  fowls  of  similar  variety  have 
shown  themselves  insusceptible,  as  have  fowls  of  mixed  breed, 
pigeons  and  guinea-pigs.  The  percentage  of  successful  transplanta- 
tions has  been  small,  but  in  the  individuals  developing  a  tumor  its 
growth  has  been  fairly  rapid.  Young  chickens  are  more  susceptible 
than  adults.  The  reinoculation  of  negative  fowls  has  never  re- 
sulted in  a  growth. 

Throughout,   the   sarcoma   has   remained   true   to   type.      It   is 
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infiltrative  and  destructive.  Metastasis  has  been  observed  once 
(to  the  heart),  l^^.xperiments  to  determine  whether  the  growth  may 
l)c  transnnltcd  by  cell- fragments  have  not  yet  been  made.  Repeated 
bacteriological  examinations  have  yielded  negative  results. 

In  its  general  l)ehavior,  so  far  as  tested,  this  avian  tumor  closely 
resembles  the  typical  mammalian,  neoplasms  that  are  transplantable. 

EXPLANATION   OF  PLATES. 

Plate  LXVL 

Fig.  I.     Sarcoma.     Second  generation  B. 

F^iG.  2.     Cross-section  of  same  tumor,  somewhat  enlarged. 

Plate  LXVIL 
Fig.  3.     Sarcoma  of  the  chicken  from  an  intraperitoneal  growth. 
Fig.  4.     Sarcoma  of  the  chicken. 

Plate  LXVIIL 

Fig.  5.    Invasion  of  muscle  by  the  sarcoma. 

Fig.  6.    A  metastasis  in  the  heart  wall.     The  lumen  shown  at  the  left  hand 
corner  is  that  of  a  small  vein. 
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It  is  now  generally  accepterl  that  bronchial  or  idio- 
pathic asthma  is  due  primarily  to  a  stenosis  of  the 
lironcliioli.  It  is  not  necessary  to  dwell  here  on  the 
particulars  of  this  disease.  For  the  purpose  of  this 
paper,  however,  the  followin^Gf  facts  may  be  mentioned. 
Asthmatic  attacks  occur  only  in  individuals  who  are 
especially  subject  to  it^  that  is  in  asthmatics.  Further- 
more, onset  and  disappearance  of  the  attacks  bear  the 
character  of  capriciousness.  Heredity,  also,  seems  to  be 
an  influential  element  in  some  instances.  Finally,  there 
is  practically  no  pathologic  anatomy  in  this  disease. 
On  the  basis  of  these  facts,  bronchial  asthma  is  consid- 
ered as  a  functional  disease  which,  according  to  the  pre- 
vailing view,  means  a  neurosis;  hence  also  the  term 
nervous  asthma.  From  the  symptomatology  we  shall 
mention  here  only  the  following  points:  By  percussion 
it  can  be  established  that  during  an  attack  of  asthma  the 
lungs  are  overdistended.  The  auscultation  reveals  that 
there  is  a  considerable  decrease  of  the  respiratory  ex- 
change of  air  despite  the  greatly  increased  efforts  of  the 
respiratory  muscles. 

There  are  two  theories  regarding  the  nature  of  the 
nervous  origin  of  the  bronchostenosis  in  asthma.  One 
theory  assumes  that  the  stenosis  is  due  to  a  vasomotor 
disturbance,  which  brings  about  a  swelling  of  the  mticous 
membranes  or  of  the  submucous  tissues  of  the  bronchioli, 
causing  thereby  a  narrowing  of  their  lumen.  The  other 
theory  assumes  that  the  stenosis  is  due  to  a  tonic  contrac- 
tion of  the  muscle  fibers  surrounding  the  finest  bronchial 
tubes.     At  present,  the  latter  theory  is  accepted  by  most 
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of  tilt'  ilinieal  writers,  especially  since  it  was  established 
by  the  careful  physiologic  investigations  of  Einthoven^ 
and  of  Brodie  and  Dixon,-  that  by  stimulation  of  the  per- 
ipheral end  of  the  pneuomogastric  nerves  a  stenosis  of  the 
bronchi  takes  place  which  is  due  exclusively  to  a  contrac- 
tion of  the  muscle  fibers  and  not  to  the  production  of 
circulatory  changes  of  any  kind.  According  to  this 
theory  an  attack  is  brought  on  by  a  stimulation  of  the 
broncho-constrictor  nerve  fibers  which  run  in  the  pneu- 
mogastric  nerves.  It  is  assumed  that  the  stimulation 
takes  ])lace,  in  some  obscure  way,  mostly  in  the  medulla 
oblongata ;  in  some  cases,  however,  it  may  be  brought 
about  in  a  reflex  way  from  some  peripheral  organ.  At 
any  rate,  asthma,  according  to  this  view,  is  a  nervous 
atrection  and  has  its  origin  in  the  central  nervous  system. 
It  is  my  intention  to  attempt  to  interpret  the  asthma- 
tie  paroxysm  as  a  phenomenon  of  anaphylaxis,  assuming 
at  the  same  time  that  the  process  is  a  peripheral  one. 
This  attempt  is  based  on  some  very  interesting  facts  re- 
cently discovered  by  Drs.  Auer  and  Lewis^  in  the  De- 
l^artment  of  Physiology'  and  Pharmacology  of  the  Rocke- 
i't'ller  Institute.  In  order  to  understand  clearly  the 
points  I  wish  to  bring  forward,  permit  me  to  make  a 
few  elementary  renuirks  on  the  subject  of  anaphylaxis 
or  hypersusceptibility. 

AXAPIIYLAXIS 

Anaphylaxis  is  in  an  essential  point  the  reverse  of  im- 
munity. All  know  what  immunity  means.  Every  phy- 
sician is  familiar  with  tlie  fact  that  a  patient  who  has  re- 
covered from  an  infectious  disease,  typhoid,  for  instance, 
is  less  susceptible  to  a  second  infection  from  the  same 
disease.  The  same  applies  to  the  effects  of  toxins.  The 
experimental  work  of  the  last  two  decades  has  furnished 
ample  evidence  that  the  injections  into  an  animal  of 
non-fatal  doses  of  toxins,  for  instance  the  toxins  of  diph- 
theria or  tetanus,  make  this  animal  more  resistant — it 
immunizes  it — against  this  very  toxin.  In  other  words, 
the  passing  through  a  definite  infection  or  intoxication 
is  the  means  of  a  decrease  of  the  susceptibility  of  that 
animal  to  the  specific  infection  or  intoxication.  There 
were,  however,  scattered  facts  which  indicated  also  that 

1.  Einthoven  :  Arch.  f.  d.  ges.  Physiol.   (Pfliiger's),  1802.  li,  367. 
•J.  Brodie  and   Dixon  :   Jour.   Physiol.,   1903,   xxix,   97. 
3.  Auer    and    Lewis:    Jour.    Exper.    Med..    1910,    xii,    151.      See 
also  The  Joukxal  A.  M.  A..  1909,  lii,  458. 


till'  reverse  of  iminimization  may  occur;  that  is,  tlial  iii- 
i^tcad  of  a  decrease  of  siisce])lil)ili<v,  an  increase  may 
occur.  For  instance,  tlie  ])assin^^  Ihrou^di  an  attack  of 
erysipelas  seems  to  ])repare  tlie  individual  for  recurrent 
attacks  of  iliis  disease.  The  same  is  perhaps  also  true 
of  pni'umonia.  In  the  extensive  work  on  the  immuni- 
zation against  toxins,  several  investi;:rators  recorded  olj- 
servations  to  the  eflect  that  an  immunization  led  np  to  a 
hypersusccptihility.*  However,  ahout  five  years  a^^o, 
striking  experiments  became  known  which  all  at  once 
raised  this  issue  to  a  prol)lem  of  considerable  importance. 
Our  president  told  ns  that  the  present  annual  meeting 
is  the  twentj^-fifth  of  our  Society,  and  pointed  with  pride 
to  the  good  work  which  the  members  have  contributed 
to  medical  science.  Permit  me  therefore  the  historical 
remark  that  the  striking  and  fundamental  facts  on 
which  the  very  interesting  chapter  of  anaphylaxis  rests 
were  first  observed  and  developed  l)y  members  of  our 
Association.  In  the  course  of  his  studies  of  the  effects 
of  diphtheria  toxin  and  antitoxin  on  guinea  pigs,  Theo- 
bald Smith  observed  (1903)  that  by  repeated  injections 
of  toxins,  these  animals  instead  of  iDecoming  immunized 
sometimes  manifested  rather  a  definite  increase  of  their 
susceptibility  to  the  poisonous  effects  of  the  diphtheria 
toxin.  These  observations  Dr.  Smith  communicated 
orally  to  Paul  Ehrlich  during  his  sojourn  in  this  coun- 
try. On  his  return  to  his  Institute  in  Germany,  Ehrlich 
caused  one  of  his  pupils.  Otto,  to  investigate  systematic- 
ally this  observation,  Avho,  in  publishing  his  results, 
designated  the  fact  of  the  hypersusceptibility  as  Theobald 
Smith's  phenomenon.  Simultaneously,  and  independ- 
ently of  any  other  observer,  the  striking  phenomenon 
was  observed  and  extensively  investigated  by  Dr.  Eose- 
nau  in  conjunction  with  Anderson.^ 

EXPERIMENT 

The  fundamental  experiment  which  brings  out  this 
phenomenon  in  a  striking  manner  is  as  follows : 

4.  VS'e  may  mention  here:  Behring  (1893) .  Richet  (1002).  Arthug 
(1903),  Wolf' (Eisner),  (1904)  v.  Tirquet  and  Schicl?  (190r»). 

5.  Tlie  publications  of  Otto  as  well  as  those  of  Rosenau  and 
Anderson  appeared  in  1906,  and  I  am  at  present  unable  to  state 
which  one  of  the  publications  was  ahead  of  the  other.  But  I  can 
bear  witness  to  the  complete  independence  of  the  observations  of 
Rosenau  and  Anderson,  because  in  December,  1905.  Dr.  Rosenau  was 
kind  enough  to  communicate  to  me  their  remarkable  experience,  and 
wc  discussed  the  possible  meaning  of  the  phenomenon. 
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A  guiaea-pig  receives  a  subcutaneouis  or  intraperitoneal 
injection,  let  us  say,  of  a  small  dose  of  horse  scrum.  The 
injection  produces  apparently  no  effect;  the  animal  remains 
perfectly  normal.  When,  however,  a  few  weeks  later  a  second 
injection  of  horse  serum  is  given  to  this  animal,  let  us  say 
one  c.c.  of  the  serum,  given  intravenously,  the  animal  dies 
within  a  few  minutes  with  striking  manifestations.  This  is 
an  absolutely  reliable  experiment  which  never  fails.  Now  you 
observe  that  the  result  as  describetl  here  was  accomplished  not 
with  a  bacterial  secretion,  a  diphtheria  or  tetanus  toxin,  or 
an  endotoxin  of  any  other  bacteria,  but  simply  with  normal 
horse  serum,  which  seems  to  be  innocuous  in  its  first  injection. 
In  fact,  this  hypersusceptibility  can  be  produced  with  such 
harmless  proteins  as  egg  albumin,  milk  or  some  vegetable 
protein,  edestin,  for  instance."  A  striking  feature  of  this 
phenomenon  is  that  it  is  strictly  specific;  if  the  first  injection 
was  made  witli  horse  serum,  the  phenomenon  will  occur  only 
when  horse  serum  is  used  in  the  second  injection,  or  if  edestin 
was  used  in  the  first  Injection,  only  a  second  injection  of 
edestin  is  capable  of  producing  the  fatal  phenomenon. 

Let  me  now  say  a  word  about  the  origin  of  the  term 
anaphylaxis.  It  was  created  by  Eichet  some  eight  years 
ago.  In  studying  the  effects  of  a  poison  which  he  iso- 
lated from  actinia  he  distinguished  two  opposite  actions 
one  which  produces  prophylaxis  (immunity)  and  an- 
other which  produces  anaphylaxis  (hypersusceptibility). 
The  term  anaphylaxis  found  general  acceptance. 

Xow  let  us  remember  first  of  all  that  for  the  produc- 
tion of  anaphylaxis  two  stages,  two  separate  processes 
are  necessary.  The  first  part  consists  simply  in  an  in- 
jection into  the  animal  body  of  some  foreign  proteid. 
It  produces  practically  no  visible  effect,  but  it  sensitizes 
the  organism ;  we  call  it  therefore  the  sensitizing  injec- 
tion. It  need  not  be  an  intravenous  injection ;  an  incor- 
poration of  the  proteid  in  any  other  manner  will  have 
the  same  effect.  The  quantity  of  the  proteid  is  also  of 
no  special  importance;  a  very  minute  dose  of  the  pro- 
teid sensitizes  an  animal.  The  second  part  consists,  as 
stated  before,  in  a  repeated  injection  of  the  same  pro- 
teid :  this  is  the  toxic  injection.  The  effect  of  this  in- 
jection is,  indeed,  most  striking,  especially  when  it  is 
given  intravenously.  The  quantity  is  also  of  some  im- 
portance ;  the  larger  the  dose,  the  more  prompt  is  the 
effect.  The  second  injection  should  not  be  given  too 
soon   after   the   sensitizing   injection;   the   interval   be- 

6.  First  successfully  employed  by  P.  A.  Lewis. 


tween  the  two  injections  slioiiM   lie  at  least  twelve  or 
foiirtoon  (lays. 

The  sensitizing  cdVct  may  he  ii-aiisiniticfl  fVoiii  the 
mother  to  the  ol1"s])i-in^  wliieh,  liowevcr,  may  gradually 
dwindle  away.  The  acijiiired  sensitization  leaves  a  lon^r- 
lastiniT  impression;  even  after  years  a  second  injection 
is  ca])ahle  of  prodiicin^r  a  definite  toxic  effect.  The 
eiTect.  however,  is  not  always  fatal  and  as  strikin^]^  as 
described  above.  When  the  second  dose  is  not  snfTiciently 
large,  or  wlien  administered  in  a  less  efrective  manner, 
the  oninea-pigs  may  recover  from  the  ^^anaphylactic 
shock''  (as  the  violent  attack  is  often  designated),  or  the 
attack  may  set  in  with  less  violence. 

PHENOMENA  OF  ANAPHYLACTIC  SHOCK 

We  now  come  to  a  discussion  of  the  point  which  in- 
terests us  here  mostly,  namely  the  character  of  the  at- 
tack. From  the  start,  all  observers  agreed  that  the  death 
of  a  guinea-pig  in  an  anaphylactic  attack  is  due  to  res- 
piratory failure.  The  attack  consists  in  exaggerated 
respiratory  efforts  and  manifestations  of  profound  dysp- 
nea. Most  of  the  writers  assumed  that  the  cause  of  this 
fatal  respiratory  disorder  is  located  within  the  respira- 
tory center  in  the  medulla  oblongata.  Gay  and 
Southard/  who  have  done  meritorious  work  on  the  prob- 
lem of  anaphylaxis,  are  emphatic  in  their  claim  that  the 
fatal  respiratory  phenomenon  is  due  to  a  hyperstimula- 
tion  of  the  respiratory  center.  Although  Gay  and  South- 
ard noticed  that  the  lungs  of  guinea-] )igs  dying  in  ana- 
phylactic shock  are  "emphysematous'^  they  considered 
this  condition  as  being  only  a  secondary  effect  of  the 
violent  inspiratory  contractions  of  the  diaphragm,  the 
primary  cause  of  the  attack  being,  as  stated  before,  the 
over-stimulation  of  the  respiratory  center. 

The  recent  investigations  of  Auer  and  Lewis,  how- 
ever, have  in  my  opinion  definitely  established  the  true 
cause  of  the  anaphylactic  shock  in  guinea-pigs.  In  the 
first  place,  they  have  established  that  the  lungs,  which 
become  greatly  distended  with  the  onset  of  the  attack, 
remain  in  a  distended  state  even  after  their  complete 
removal  from  the  thoracic  cavity  after  the  death  of  the 
animal;  in  fact,  the  lungs  do  not  collapse  even  when 
cut  into  pieces.    An  anatomic  study  of  the  lungs  demon- 

7.  Gay  and  Southard  :  Jour.  Med.  Research.  190S,  xix,  22. 
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strated  tliat  the  distention  is  due  neither  to  eniphy.seriia 
nor  to  puhnonary  edema.  Furthermore,  the  typical  con- 
dition of  the  luntrs  remained  tlie  same  even  if  the  second, 
toxic  injection  of  the  serum  was  administered  while  the 
animal  was  under  the  influence  of  curare  (and  the  life 
kept  up  by  artificial  respiration)  ;  that  shows  that  the 
distended  state  of  the  lungs  cannot  be  simply  a  second- 
ary effect  of  the  violent  contractions  of  the  diaphragm. 
The  real  character  of  the  dyspnea  was  revealed  by  the 
fact  that  during  the  anaphylactic  attack  the  lungs  could 
not  be  further  inflated  by  artificial  respiration;  that  is, 
air  could  not  pass  through  the  bronchi  into  the  alveoli 
while  the  respiratory  efforts  produced  at  the  same  time 
a  strong  negative  pressure  in  the  pleural  cavities.  Fin- 
ally, Auer  and  Lewis  have  established  that  the  anaphylac- 
tic attack  takes  place  in  animals  with  a  destroyed  central 
nervous  system,  exactly  in  the  same  way  as  in  normal 
animals,  which  proves  that  the  process  is  of  peripheral 
origin.  In  other  words,  Auer  and  Lewis  have  definitely 
proved  that  the  cause  of  the  acute  anaphylactic  death  of 
guinea-pigs  is  a  stenosis  of  the  bronchi  due  to  a  per- 
ipheral process.  This  process  consists,  Auer  and  Lewis 
believe,  in  a  constriction  of  the  bronchi  due  to  a  tonic 
contraction  of  their  muscle  fibers.  It  is  sure  that  these 
contractions  are  not  brought  about  by  central  impulses. 
Whether  these  contractions  are  brought  about  by  a  stim- 
ulation of  the  muscle  fibers  themselves  or  of  the  nerve 
endings,  this  question  Auer  and  Lewis  have  not  at- 
tempted to  decide  for  the  present.  They  have  discovered 
the  important  fact  that  in  many  cases  the  anaphylactic 
attack  can  be  prevented  by  a  previous  injection  of  atro- 
pin.  This  fact  would  indicate,  according  to  the  accepted 
view,  that  the  nerve  endings  are  responsible  for  the 
attack.  On  the  other  hand,  Auer^  recently  found  that 
the  attack  would  set  in  even  in  animals  in  which  the 
vagus  nerves  were  cut  a  long  time  before  the  second  in- 
jection. The  nerve-endings  therefore  must  have  been 
degenerated  previous  to  the  anaphylactic  attack.  We 
may  add  here  that  the  important  results  of  Auer  and 
Lewis  were  confirmed  by  Anderson  and  Schultz^  and  by 
Biedl  and  Kraus.^^ 

8.  Auer  :  Pioc.  Soc.  Exper.  Biol,  and  Med.,  1910.  vii,  No.  4. 

9.  Anderson  and  Schultz  :  Proc.  Soc.  Exper.  Biol,  and  Med.,  1010, 
vii,  32. 

10.  Biedl  and  Kraus  :   Wien.   klin.   Wchnschr.,   1910,   xxiii,  385. 


SI  \J  I  I.M.'ll  ^     TO    \i:KVf)TTS    ASTH^fA 

'I'lic  follow  iiii;-  I'jicts.  ol)S('i\('(l  liy  Aiici-  and  Lewis,  are 
of  special  interest  to  us  here  In  an  anaphylactic  at- 
tack the  hronclii  are  constricted;  no  air  can  pass  into 
tlic  alveoli,  nor  can  it  escape  from  them;  and  the  lungs 
are  greatly  distended  and  cannot  collapse.  It  was 
shown  that  the  constriction  of  the  bronchi  is  of  per- 
i]iheral  and  not  of  central  origin.  Now  exactly  similar 
symptoms  are  met  with  in  so-called  nervous  asthma. 
During  the  attack  the  bronchi  are  constricted,  air  passes 
through  them  only  with  great  difficulty.  Is  asthma  a 
nervous  process  and  of  central  origin,  as  is  generally 
assumed,  or  is  it  an  anaphylactic  phenomenon  and  essen- 
tially of  peripheral  origin?  That  is,  may  we  not  assume 
that  asthmatics  are  individuals  who  are  sensitized  to  a 
definite  proteid  substance  and  that  the  asthmatic  attack 
takes  place  when  the  same  proteid  substance  invades  the 
body  in  the  same  manner?  For  one  form  of  asthma  this 
has  been  established  experimentally,  and  that  is  for  hay 
fever  asthma.  As  is  now  well-known,  hay-fever  is  due 
to  the  toxalbumins  of  the  pollen  of  some  plants.  When 
such  a  toxin  is  injected  subcutaneously  into  a  normal 
individual,  it  causes  no  effect  whatsoever.  If,  however, 
a  minute  quantity  of  it  is  injected  into  an  individual 
who  is  subject  to  hay-fever,  in  a  short  time  all  the  symp- 
toms of  hay-fever  appear,  and  among  them  a  definite 
attack  of  asthma.  This  can  mean  onlv  that  hav-fever 
subjects  are  sensitized  to  a  specific  proteid  of  the  pollen 
of  a  definite  plant,  and  that  wdienever  the  same  proteid 
invades  these  individuals  in  some  way  or  other  the  result 
is  an  anaphylactic  attack,  wdiich,  among  other  phenom- 
ena manifests  itself  in  the  form  of  asthma.  May  we 
not  explain  all  other  forms  of  asthma  in  the  same  man- 
ner? 

According  to  this  view,  to  repeat  again,  an  asthmatic 
is  an  individual  wdio  is  sensitized  to  a  definite  substance 
and  an  asthmatic  attack  sets  in  every  time  this  substance 
manages  in  some  way  to  enter  into  the  circulation  of 
that  individual.  AVe  must  bear  in  mind  that  even  in  the 
crude  manner  of  our  exjieriments  a  very  minute  quan- 
tity of  the  specific  proteid  is  sufficient  for  the  sensitiza- 
tion as  well  as  for  the  intoxication.  In  the  actual  pro- 
cesses which  take  place  in  Nature  the  effective  doses  may 
be  infinitely  small,  and  it  may  well  be  possible  that  the 
minute  quantities   contained   in   the   emanations   from 
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liorses,  cats  or  giiinea-pit;s  are  sufficient  to  act  as  a  toxie 
dose  and  call  forth  the  non-fatal  stenosis  of  the  bronclii 
evidently  present  in  an  astlimatic  attack  in  the  human. 
Perhaps  certain  digestion  products  of  the  proteins  be- 
come now  and  then  absorbed  into  the  circulation  from 
the  alimentary  canal  in  some  cases  in  an  abnormal  stage. 
Such  an  absorption  may  have  little  or  no  influence  on 
normal  individuals,  but  will  call  forth  an  anapliylactic 
attack,  that  is,  an  attack  of  asthma,  in  an  individual 
sensitized  to  this  protein  product.  We  need  not  attempt 
to  work  out  the  details  of  our  theory.  Our  knowledge 
of  the  ana])hy lactic  process  is  yet  too  young  and  too 
scanty  for  such  an  undertaking;  any  application  in  de- 
tail will  surely  soon  have  to  be  rearranged.  But  with 
our  theory  in  mind,  a  future  study  of  cases  of  asthma 
might  bring  to  light  definite  causal  relations,  just  as 
happened  in  the  studies  of  hay-fever.  For  the  present, 
the  following  parallel  facts  may  be  recalled  to  mind. 
The  sensitization  to  anaphylaxis  may  be  hereditary  or 
acquired;  so  is  the  disposition  to  asthma  either  heredi- 
tary or  acquired.  Anaphylaxis  is  specific;  animals  sen- 
sitized to  a  definite  proteid  can  be  intoxicated  only  by 
that  proteid.  The  same  seems  to  be  true  also  for  asthma. 
This  is  certainly  true  for  the  hay-fever  asthma.  Indi- 
viduals who  suffer  from  hay-fever  in  the  spring  due  to 
the  grass  pollen  are  not  subject  to  the  autumnal  attacks 
which  are  caused  by  the  ragweed  pollen.  But  the  speci- 
ficity seems  to  hold  good  also  for  other  cases  of  asthma. 
For  instance,  individuals  who  get  attacks  of  asthma  in 
the  presence  of  cats  do  not  get  it  by  the  emanations 
from  horses  or  from  guinea-pigs.  A  most  interesting 
and  valuable  point  is  the  fact  that  atropin,  which  re- 
lieves asthma,  relieves,  as  it  was  discovered  by  Auer  and 
Lewis,  also  the  anaphylactic  attack.  On  the  basis  of 
the  identification  of  the  two  phenomena  there  is  an  en- 
couraging outlook  for  the  therapeutics  of  anaphylaxis 
as  well  as  for  asthma.  But  I  shall  not  indulge  in  a 
further  discussion  of  the  details  of  our  subject. 


SUMMARY 

It  is  generally  agreed  that  the  so-called  nervous 
asthma  is  due  to  a  stenosis  of  the  bronchioli.  It  was 
discovered  that  the  so-called  anaphylactic  shock  is  due 
also  to  a  stenosis  of  the  fine  bronchi.  The  theory  is  here 
offered  that   asthma   is   an   anaphylactic   phenomenon; 
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lliiit  is.  lliiil  ;islliiii;il  ics  ai'c  individiKils  wlio  are  ".sensi- 
ti/t'd"  (()  a  s|)('cilic  siihstanco  and  ilic  attack  of  asllmia 
si'ts  ill  whenever  they  ai-c  "intoxicated"  hy  tliat  suh- 
stance. 

It  has  hcen  proved  tliat  the  anaphylactic  attack  is  of 
])eri|)he!-al  and  not  of  central  ori<,dn.  It  is  therefore  su,ir- 
gested  that  the  so-called  nervous  aslhnia  is  also  due  to  a 
peripheral  and  not  a  cciitial  cause:  in  oilici-  woi-ds.  '•ner- 
vous'" asthma  is  not  a  neurosis. 

On  account  of  the  capriciousness  of  the  ons(!t  and 
courses  of  asthmatic  attacks,  as  well  as  on  account  of  the 
al)sence  of  pathological-anatomical  changes  in  this  af- 
fection, asthma  was  considered  a  functional  disease  and 
hence  a  neurosis.  From  our  point  of  view  asthma  is 
still  a  functional  disease  l)ut  not  a  neurosis.  We  have 
therefore  a  significant  instance  in  which  a  functional 
disease  need  not  be  of  nervous  origin. 

Rockefeller  Institute  for  Medical  Research. 
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Epidemic  polioinyclitis  lias  within  three  years  l)ecome  a 
coiiinion  and  widely  distributed  disease  in  the  United 
States.  Prior  to  1907  the  epidemic  disease  occurred 
rarely,  only,  in  this  country.  Since  1907  it  has  prevailed 
from  the  Atlantic  to  the  Pacific  Ocean,  and  probably  few 
states  have  entirely  escaped  its  ravages.  Judging  from 
the  fragmentary  reports  which  have  come  to  my  attention 
it  would  seem  as  though  the  southern  states  had  escaped 
wholly  or  in  large  part,  but  this  apparent  discrepancy 
may  result  from  failure  either  to  recognize  the  nature  of 
the  epidemic  disease  or  to  report  on  it,  or  may  be  due 
simply  to  the  circumstance  that  the  fact  of  its  occur- 
rence in  the  South  has  not  chanced  to  come  to  my  atten- 
tion. 

It  is  significant  in  respect  to  this  point  that  within 
the  period  mentioned  epidemic  poliomyelitis  has  pre- 
vailed in  Cuba.  Before  1907  epidemic  poliomyelitis  had 
been  becoming  more  frequent  in  northern  Europe,  and 
particularly,  so  far  as  reports  indicate,  in  Scandinavia. 
Beginning  in  1907  or  thereabout  a  pandemic  of  the  dis- 
ease arose.  The  United  States,  Austria,  Germany  and 
latterly  France  have  certainly  participated  in  the  epi- 
demic outbreaks.  Whether  still  other  countries  have 
been  similarly  visited  I  cannot  say,  but  it  is  highly  prob- 
able that  they  have. 

It  is  a  matter  of  significance  that  the  original  foci  of 
the  epidemic  disease  in  the  United  States,  occurring  in 
the  summer  of  1907,  were  along  the  Atlantic  seaboard. 

*  P.iisod  on  rom.Trks  made  at  the  meeting  of  the  Association  of 
American  IMiysicians,  Washinf^ton,  D.  C.  May  3-5.  1010. 

*  From  the  I>aI)oratories  of  the  Rockefeller  Institute  for  Medical 
Kesearch. 


aiul  the  two  centers  of  population  most  seriously  af- 
fected were  about  Greater  New  York  and  Boston.  The 
particular  point  of  importance  in  this  regard  arises  from 
the  fact  that  those  two  centers  of  population  receive  first 
and  in  most  concentrated  way  the  immigrant  population 
from  northern  and  eastern  Europe.  Since,  moreover,  the 
best  established  endemic  focus  of  epidemic  poliomyelitis 
recorded  in  the  last  decade  or  two  has  been  the  countries 
of  Scandinavia,  the  furtlier  fact  becomes  significant  that 
the  second  large  isolated  outbreak  of  the  disease  in  this 
country  occurred  in  that  part  of  the  middle  west,  namely 
about  Minnesota,  which  receives  a  large  influx  of  immi- 
grant population  from  Xorway  and  Sweden. 

CONTAGIOUSNESS 

The  studies  especially  devoted  to  the  question  of  the 
mode  of  spread  of  poliomyelitis,  which  have  been  con- 
ducted with  unusual  energy  and  pers])icacity  in  the  last 
few  years,  would  seem  to  have  rendered  contagion  highly 
probable.  If  the  views  respecting  the  manner  of  the 
transfer  of  the  contagion  put  forward  with  good  reason 
should  become  establislied,  the  explanation  of  the  exten- 
sion of  the  epidemic  centers  of  poliomyelitis  from  north- 
ern Europe  to  America  will  have  become  obvious.  The 
data  collected  in  Scandinavia  indicate  that  the  contagion 
can  be  carried  by  intermediate  persons  from  the  stricken 
to  the  healthy,  and  from  patients  not  frankly  paralyzed, 
but  suffering  with  slight  or  so-called  abortive  attacks  of 
the  disease.  Moreover,  the  incubation  period  of  the  dis- 
ease would  appear  to  vary  within  considerable  limits, 
being  sometimes  not  more  than  two  or  three  or  four  days 
in  length  and  at  other  times  as  much  as  twenty  days,  the 
average  being  eight  or  ten  days,  and  thus  affording  oppor- 
tunity for  the  transportation  across  the  Atlantic  Ocean 
of  the  incipiently  infected.  This  particular  problem 
would  receive  considerable  illumination  from  facts  which 
are  ascertainable,  such  as  the  number  approximately  of 
recently  arrived  immigrants  who  developed  poliomyelitis 
in  this  country  since  1907.  I  am  not  aware  that  any 
effort  has  been  made  in  the  course  of  the  several  recent 
extensive  investigations  of  the  epidemiology  of  the  affec- 
tion to  elucidate  this  important  point. 

The  idea  of  a  contagion  in  respect  to  epidemic  polio- 
myelitis is  not  a  new  one,  but  appeared  in  the  literature 


nioi'c  lli:iii  :i  (jiiiirlci"  of  ;i  cciiliirv  niro,  ;iii(l  of  late  lias 
Itccii  I'liMnu'iil  1\  iii\()k('(l.  'I'lic  clinical  c()iirsc!  of  the  dis- 
ease iiidicaled  an  iiil'ecl ions  oi'i^dn,  hni  np  to  very  r(3eont 
times  MO  convincinir  knowledge;  ('oncernin<(  the  iiatiu'e 
of  llie  a^ent  cansin^  epidemic  poliomyelitis  existed. 
\'ari()us  hactei'ia,  and  especially  cei'tain  eoeei,  liavo  from 
time*  to  time  heeii  isolated  in  cultures  from  fluids  ob- 
tained hy  hnnhar  ])uncture  from  patients  sufTering  from 
the  epidemic;  disease,  or  from  specimens  of  the  central 
nervous  systt^n  removed  from  victims  at  autopsy.  These 
bacteria  did  not  conform  to  one  species  or  group  of  mi- 
cro-organisms, and  did  not  suffice  to  set  up  poliomyelitis 
in  animals.  They  can  be  accounted  for  more  satisfactorily 
as  contaminations  or  secondarily  invading  bacteria  than 
as  the  cause  of  the  disease.  The  epidemic  of  1909  in 
this  country,  in  France  and  in  Germany,  led  to  a  renewed 
study  of  the  nature  of  the  infection,  in  the  course  of 
which  the  more  subtle  and  recent  methods  of  bacteriology 
were  employed.  These  methods  led  to  the  discovery  al- 
most simultaneously  in  the  United  States  by  Dr.  Lewis 
and  myself  and  in  France  by  Landsteiner  and  Levaditi, 
that  the  infectious  agent  is  an  extremely  minute  micro- 
organism that  readily  passes  through  the  pores  of  earth- 
enware filters  and  constitutes,  therefore,  an  exam- 
ple of  the  so-called  filterable  viruses,  of  which  at 
the  present  time  several  examples  are  known  to  cause 
infectious  diseases  in  man  and  the  lower  animals.  The 
filterable  nature  of  the  virus  has  now  been  confirmed 
wherever  the  subject  has  been  accurately  investigated. 
On  acquisition  of  the  fact  of  the  nature  of  this  virus, 
and  of  the  further  fact,  on  which  the  discovery  of  the 
nature  of  the  virus  actually  depends,  that  both  the 
higher  and  lower  monkeys  are  subject  to  the  experi- 
mental disease,  rests  the  recent  great  advances  which 
have  been  made  in  the  investigation  of  epidemic  polio- 
myelitis. 

EXPERIMENTS  WITH  MONKEYS 

It  was  predictable  that  the  effort  would  be  made  as 
soon  as  circumstances  favored  to  transmit  poliomyelitis 
to  monkeys.  Since  the  disease  appeared  not  to  be  trans- 
ferable to  the  more  common  species  of  warm-blooded 
animals,  usually  available  in  laboratories,  it  became 
imperative  to  attempt  its  transfer  to  other  species  more 
nearly  related  to  man.     The  last  few  years  had  indeed 


att'ordt'd  several  striking  instances  in  which  progress  in 
determining  the  nature  or  the  conquest  of  important 
infectious  diseases  had  resulted  from  the  use  of  apes 
and  monkeys.  Two  examples  illustrative  of  this  state- 
ment are  afforded  by  syphilis  and  epidemic  cerebrospinal 
meningitis.  Hence,  in  1907,  when  the  first  epidemic 
appeared  in  New  York  and  vicinity,  we  endeavored  to 
transfer  poliomyelitis  from  human  beings  to  monkeys. 
Unfortunately  we  were  at  this  time  limited  merely  to 
fluids  obtained  by  lumbar  puncture  from  cases  at  differ- 
ent stages  of  the  disease.  I  say  unfortunately  for  the 
reason  that  we  had  the  idea  originally  of  bringing 
the  supposedly  infected  material  directly  into  relation 
with  the  nervous  systems  of  monkeys.  This  we  indeed 
did  with  the  fluids  obtained  by  lumbar  puncture,  from 
which  we  failed  entirely  to  produce  any  symptoms  that 
w^e  could  discover,  including  paralysis.  During  the  epi- 
demic of  1907  we  did  not  secure  organs  from  a  case  of 
pure  infantile  paralysis,  and  we  failed,  therefore,  in  our 
intention  to  inoculate  monkeys  from  the  spinal  cord. 
Had  we  secured  such  material  the  discovery  of  the  nature 
of  epidemic  poliomyelitis  would,  it  is  fair  to  assume, 
have  been  made  two  years  earlier  than  it  was.  It  w^as 
not  until  September,  1909,  that  we  secured  the  spinal 
cord  from  two  cases  of  infantile  paralysis  in  human 
beings,  which  specimens  were  employed  for  the  inocula- 
tion of  monkeys  by  direct  injection  of  an  emulsion  into 
the  brain  through  a  trephine  opening.  The  first  inocu- 
lations were  successful.  The  animals  immediately  after 
their  recovery  from  the  ether  anesthesia  were  lively  and 
normal.  They  remained  apparently  in  perfect  health  for 
a  number  of  days,  when  paralysis  set  in.  The  spinal 
cord  derived  from  these  animals  was  and  is  still  being 
employed  to  transmit  the  infection  to  still  other  mon- 
keys. 

During  the  summer  of  1909  Landsteiner  and  Popper 
published  an  account  of  a  successful  inoculation  of  two 
monkeys  wdth  the  spinal  cord  derived  from  a  case  of 
infantile  paralysis  in  a  child.  They  employed  the  peri- 
toneal cavity  as  the  site  of  injection,  which  led  to  the 
development  of  paralysis,  but  in  endeavoring  to  continue 
the  transfer  of  the  virus  by  intraperitoneal  injection  of 
other  monkevs  thev  failed  entirely.     Strauss  and  Hun- 


loon  ill  lliis  coiinti'v,  wlio  rcpcnhMl  in  llic  Into  summer 
()!•  ciii-lv  iiuluiim  of  liMli)  (lie  cxpci-iniciiis  of  LariflstciiHT 
Mild  l\)|)j)(M-,  iiicl  willi  the  same  iiilcn-nplioii  of  llicir 
work,  ilpini:  llic  pci-iloiiciirn  as  llic  avciiiH!  of  cnt  i-aiicc! 
of  llir  \iiiis,  llicy  succeeded  in  prodiu-in^i;  paralysis  in  a 
inonkev  inoculated  willi  llie  human  cord,  hut  failed  tn 
produce  i)aral3sis  when  they  tiansfcrred  to  other  mon- 
keys a  susjiension  of  the  spinal  cord  of  the  paralyzed 
monkey.  In  \'ww  of  these  experiments,  and  of  si  ill 
other  similar  ones  made  hy  different  invest i<(a tors,  it  is 
prohahle  that  the  virus  contained  within  th(!  human  cord 
is  on  the  whole  more  active  when  implanted  in  the  mon- 
key than  is  the  virus  contained  within  the  monkeys' 
spinal  cords  that  is  derived  by  proliferation  immediately 
from  the  virus  of  human  source.  The  question  for  the 
moment  remains  open  whether  this  disparity  depends  on 
the  quality  of  the  virus  or  the  number  or  state  of  con- 
centration of  the  organisms.  Later  studies,  to  which 
reference  will  be  made,  indicate  that  the  virus  of  polio- 
myelitis is  subject  to  qualitative  variations,  from  which 
it  follows  that  the  sudden  change  of  host  might  tend  to 
a  reduction  in  the  potency  of  the  virus,  the  fact  of  which 
reduction  is  exhibited  when  the  virus  is  compelled  to 
traverse  a  considerable  territory  and  to  overcome  cer- 
tain natural  obstacles  before  it  reaches  the  central 
nervous  system,  on  which  it  became  implanted.  The 
fact  of  this  qualitative  change  is  far  less  apparent  when 
the  altered  virus  is  brought  immediately  into  relation 
with  the  tissues  of  the  nervous  system. 

CLIXICAL  EFFECTS  OF  INOCULATIONS 

In  noting  the  clinical  effects  of  the  inoculations  we 
have  paid  attention  to  a  number  of  conditions  and  signs 
that  had  already  been  indicated  by  observations  made  on 
the  human  affection.  We  have,  therefore,  observed  an 
incubation  period  represented  by  the  interval  elapsing 
between  the  time  of  inoculation  and  the  appearance  of 
the  first  definite  paralysis,  which  incubation  period 
includes  certain  manifestations  which  have  been  noted 
as  [U'odromal  symptoms.  Thus  the  shortest  period  noted 
as  elapsing  between  the  inoculation  and  the  onset  of 
paralysis  has  been  three  or  four  days  and  the  longest 
period  thirty-three  days,  the  average  period  being  eight 
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or  iiiiit'  (lays.  The  prodiomal  symptoms  consist  of  a 
state  of  undue  nervousness  and  excitability  on  the  part 
of  the  ino' ulated  monkeys,  or  inability  to  fix  the  •^aze. 
with  which  is  associated  a  wrinkle  and  mobile  rather 
than  smooth  and  placid  cast  of  countenance,  and  an  erec- 
tion of  the  hairs  over  the  body.  These  symptoms  are  most 
marked  for  a  period  of  from  six  to  eight  hours  before 
the  onset  of  the  paralysis.  We  have  not  noted  any  con- 
stant elevation  ol  temperature  or  gastro-intestinal  dis- 
turbance. The  onset  of  paralysis  either  when  the  pro- 
dromal symptoms  have  occurred,  or  when  they  have  been 
absent  or  undetected,  tends  to  be  sudden.  The  paralysis 
atl'ecting  any  of  the  larger  grou})s  of  vohmtary  muscles 
tends  to  be  accompanied  with  other  weak  or  partially 
paralyzed  groups  of  muscles.  In  certain  animals  the 
medulla  was  first  aifected,  and  in  them  death  sometimes 
occurred  before  the  develo})ment  of  actual  paralysis.  In 
respect  to  location,  the  lower  and  upper  extremities  were 
affected  oftener  than  the  muscles  of  the  trunk,  and  the 
spinal  paralyses  were  much  more  frequent  than  the  cere- 
bral. Sensory  disturbances  occurred,  but  their  investi- 
gation was  much  less  satisfactory  than  the  investigation 
of  the  motor  disturbances.  In  other  words,  there  is  a 
striking  similarity  between  the  frank  examples  of  epi- 
demic poliomyelitis,  whether  occurring  spontaneously  in 
man  or  produced  experimentally  in  monkeys.  A  further 
correspondence  exists  in  this:  Slight  and  evanescent  or 
abortive  attacks  of  the  disease  have  been  described  in 
human  beings,  cases  the  nature  of  which  would  not  be 
suspected  were  it  not  for  the  fact  that  they  occur  during 
the  prevalence  of  epidemics  of  frank  paralysis;  and  sim- 
ilar abortive  or  evanescent  attacks  have  been  noted 
among  inoculated  monkeys,  but  rarely.  There  is,  how- 
ever, one  important  point  in  which  the  experimental 
disease  happily  differs  from  the  human  affection.  The 
mortality  in  the  hunum  affection  rarely  exceeds  10  per 
cent,  of  those  frankly  attacked,  and  frequently  it  is 
much  less  than  that.  The  experimental  disease,  on  the 
other  hand,  has  terminated  fatally  in  about  one-half  of 
the  first  series  of  aninuils  inoculated,  and  in  a  much 
larger  proportion  of  the  later  ones.  Hence  the  experi- 
mental disease  is  more  highly  fatal  than  the  spontaneous 
disease. 


r,\'i"ii()i,o(;^ 

A  slill  I'liiMicr  corrcsiioiKlciicc  hciwccn  llic  s|)onta- 
ncoiis  Mild  ('.\|M'rimcnl;iI  disease  is  found  in  res[)(!('t  to 
the  pallioloiiie  chaiiucs  oi'  lesions.  'I'lie  <ri-oss  lesions 
visihie  to  <lie  nakecl  eye  pi'escnt  in  the  spinal  cord  and 
medulla  (d'  monkeys  consist  of  con<i^ostion  and  liemor- 
i'ha,i:e  into  Hie  _<:iay  mailer,  chieny  hut  not  exclusively 
conlined  lo  the  anterior  hoi'ns.  On  the  other  jiarid,  tlie 
ij;enei-al  appearance  of  the  spinal  cord,  medulla  and  hrain 
ai-e  not  <ireatly  altered,  and  the  visible  effects  are  no 
])ro])er  measure  of  the  dama^^e  inflicted  hy  the  virus. 

The  microscopic  lesions  are  more  severe  and  wide- 
spread in  the  spinal  cord  than  in  the  brain,  and  more 
pronounced  in  the  gray  matter  and  membranes  of  the 
cord  than  in  the  white  matter.  No  part  of  the  spinal 
cord,  inclnding  the  medulla,  is  entirely  free  from  lesions, 
but  the  severest  lesions  tend  to  occur  at  levels  cor- 
responding to  the  groups  of  muscles  most  severely  par- 
alyzed. The  meninges  show  more  or  less  diffuse  infil- 
tration with  round  cells,  the  greatest  accumulations  of 
which  are  about  the  blood-vessels,  where  thick  collars 
of  cells  often  exist.  The  infiltration  is  within  the 
adventitial  coat,  while  the  muscular  coat  and  the  intima 
remain  intact,  although  the  lumina  of  the  vessels  are 
often  encroached  on  through  compression.  When  the 
vessels  are  small  the  effect  on  the  lumina,  and  hence  on 
the  permeability,  are  considerable.  Meningeal  cellular 
invasion  is  always  interstitial  and  does  not  give  rise  to 
exudate  on  the  surface  of  the  cord  or  brain,  and  it  is, 
moreover,  made  up  almost  exclusively  of  mononuclear 
cells. 

The  s^rav  matter  of  the  cord  shows  lesions  of  the 
anterior  and  posterior  horns  and  the  commissure,  but 
the  anterior  horns  are  as  a  rule  more  severely  and  widely 
injured  than  the  posterior  horns.  The  chief  lesions 
surround  the  vessels  and  consist  of  a  cellular  infiltration 
and  edema  of  the  perivascular  spaces,  and  sometimes  of 
hemorrhages  as  well.  "When  the  nerve  cells  and  ground 
substance  are  injured,  as  is  frequently  the  case,  foci  of 
similar  cells  occur  there,  and  the  nerve  cells  show  degen- 
eration and  necrosis.  The  extent  of  the  lesions  in  the  gray 
matter  vai-ies  greatly.  Sometimes  minute  foci  of  injury 
and   sometimes   complete   degeneration   of   the   anterior 
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horns  occur.  The  infiltration  of  the  perivascnhir  sheaths 
of  the  vessels  is  continuous  with  that  of  the  pia-arachnoid. 
The  white  matter  of  the  cord  hohls  in  respect  to  the 
frequency  and  severity  of  the  affection  an  inferior 
position,  and  the  lesions  when  present  there  consist  of 
edema,  perivascular  cellular  infiltration,  hemorrha<^e  and 
necrosis  of  tissue.  The  brain  shows  lesions  that  are, 
however,  more  sparse  than  in  the  spinal  cord.  They  cor- 
respond with  cellular  infiltrations  of  the  meninges  sim- 
ilar to  but  less  in  amount  than  in  the  cord.  The  inter- 
vertebral ganglia  regularly  are  the  seat  of  a  diffuse  and 
nodular  infiltration  with  lymphocytic  cells,  which  collect 
between  the  nerve  cells  and  al)out  the  nerve  fibers,  both 
of  which  may  be  the  scat  of  degeneration  or  of  necrosis. 
The  pathogenesis  of  the  affection  is  explained  by  the 
nature  and  distribution  of  the  lesions.  It  would  appear 
that  the  virus  becomes  implanted  on  the  leptomoninges, 
especially  in  the  region  of  the  spinal  cord  and  medulla, 
where  it  sets  np  cellular  infiltrative  changes  that  are 
most  marked  in  the  perivascular  lymph  spaces  of  the 
arteries  entering  the  nervous  tissues.  The  vascular 
lesions  constitute  the  primary  causes  of  the  lesions  of 
the  nervous  tissue,  the  severity  of  which  is  determined 
by  the  particular  vessels  affected  and  the  intensity  of  the 
involvement.  The  infiltrative  lesions  are  confined  to 
the  perivascular  lymph  sheath  and  adventitia,  but  still 
other  lesions  must  occur  in  the  intima  of  the  vessels 
from  which  the  edema  and  hemorrhage  arise.  The  cen- 
tral arteries  entering  the  anterior  median  fissure  and 
supplying  the  anterior  gray  matter  of  the  cord  invariably 
become  affected,  through  which  the  preponderance  of 
lesions  of  the  anterior  horns  is  accounted  for.  Since  the 
arteries  supplying  the  posterior  gray  matter  are  less 
important,  the  lesions  in  the  })osterior  cornua  are 
slighter.  The  degree,  therefore,  of  affection  is  deter- 
mined by  the  richness  of  the  arterial  blood  supply, 
whence  is  explained  the  liability  of  the  lumbar  and 
cervical  enlargements  to  severe  lesions.  Irregularity  in 
the  branching  of  the  central  artery  probably  explains  the 
common  variations  observed  in  the  involvement  of  the  two 
lateral  halves  of  the  body.  The  brain  is  far  less  com- 
monly the  seat  of  lesions,  but  it  is  not  spared.  Paralysis 
of  the  cranial  nerves,  and  especially  of  the  facial  nerve, 
follows  on  them,  but  lesions  also  occur  in  parts  of  the 
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Iiiaiii  wliicli  (In  ii()(  I'cspoiid  \>\  paralysis.  'I'ln-  hrain 
injuries,  like  (hose  of  llic  cord,  (Icpciid  on  vasculai' 
lesions. 

Ileiice  il  Would  appear  I  lial  I  liei-e  are  Liood  lii'ouuds  I'or 
heliexinii-  llial  a  eonsidei'ahle  paii  of  (lie  pai'ulyPC'S,  espo- 
eially  those  thai  are  iiol,  peruianeiii,  are  the  cfTects  of 
teni|)()i'arv  \aseular  inipediuierds.  The  impediments  are 
all  outside  (he  luuiina  of  (he  vessels,  which  ai'e  merely 
reduced  in  calihci'  (hrouirh  pressure,  'i'hi'omhi  do  not 
occur.  Some  of  the  functional  distui-hances  are  possibly 
thus  anemic  in  oi-iii^in;  others  are  probably  caused  by 
sligld  degenerations,  and  still  others  are  undoubtedly 
caused  by  focal  hemorrhages  and  edema.  All  tbcse 
effects  may  possibly  be  recovered  from :  part  by  resolu- 
tion of  the  cellular  vascular  infiltrate  and  reestablish- 
ment  of  the  lumen;  part  by  absorption  of  edema  and 
hemorrhage,  and  part  by  restoration  of  the  mildly  degen- 
erated nerve  cells.  1'he  severer  degenerative  and  other 
lesions,  through  which  actual  necrosis  is  produced,  do 
not  become  restored.  On  them  depend  the  permanent 
paralyses  and  deformity. 

THE  VIRUS 

The  virus  causing  epidemic  poliomyelitis  lias  been  stated 
to  be  of  very  minute  size.  It  is,  so  far  as  we  can  now 
judge,  one  of  the  most  minute  organisms  known  to  cause 
dis^as^  This  conclusion  follows  from  the  fact  that  in 
aqueous  suspension,  such  as  is  secured  through  prepar- 
ing an  emulsion  of  the  spinal  cord  in  distilled  water,  it 
passes  with  great  readiness  and  little  or  no  loss  of 
potency  through  the  pores  of  the  densest  and  finest  por- 
celain filters,  namel}',  the  so-called  Chamberland  filter. 
It  passes  with  even  greater  ease  through  the  somewhat 
less  dense  Berkefeld  filter.  It  is  extremely  doubtful 
whether  the  virus  has  actually  l)een  seen.  On  staining 
film  preparations  of  the  filtrate  with  mordanting 
dyes,  preparations  are  secured  which  under  the  highest 
powers  of  the  microscope  exhibit  minute  points,  circular 
or  slightly  oval  in  form,  which  possibly,  although  not 
certainly,  represent  the  stained  parasite.  When  the  fil- 
trates are  examined  under  th.e  dark-field  microsco])e,  in- 
numerable bright  dancing  points,  devoid  of  definite  size 
and  form,  and  noi   (ru;v  motile,  can  be  discerned.     That 
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these  particles  represent  the  mu  n)-organisiii  of  poliomye- 
litis cannot  be  attirmed,  since  similar  particles  are  present 
in  filtrates  obtained  from  nervous  and  other  tissues  which 
can  be  viewed  also  as  consisting  of  sim[)le  protein  matter. 

The  nitrates  are  highly  [)otent.  Quantities  as  small 
as  one  one-thousandth  to  one  one-hundredth  of  a  cuijic 
centimeter  suffice  to  cause  })aralysis  in  monkeys  after  the 
usual  incubation  period,  when  injected  into  the  brain. 
The  virus  is  highly  resistant  to  external  agencies  and 
conditions.  It  withstands  giycerination  for  weeks  or 
months  very  much  as  the  virus  of  vaccinia  or  rabies  does. 
It  withstands  drying  over  caustic  potash  for  weeks  with- 
out any  or  marked  reduction  in  potency,  showing  a 
greater  degree  of  resistance  than  the  virus  of  rabies. 
It  retains  its  virulence  apparently  unimpaired  for  weeks, 
on  being  kept  constantly  frozen  at  minus  2  to  4  C.  It 
also  withstands  for  a  long  time  temperatures  slightly 
above  the  freezing  point  of  water,  in  the  course  of  which 
the  nervous  tissue  containing  the  virus  undergoes 
autolysis,  and  it  has  been  shown  to  survive  the  growth 
of  ordinary  mould.  On  the  other  hand,  it  is  readily 
injured  by  heating,  since  temperatures  of  45  to  50  C 
nuiintained  for  half  an  hour  sutlices  to  render  the  filtrate 
incapable  of  causing  paralysis.  It  is  also  readily  de- 
stroyed by  1  per  cent,  solution  of  hydrogen  peroxid,  and 
by  such  simple  disinfectants  as  menthol. 

That  the  virus  is  a  living  organism  must  be  concluded 
from  the  fact  that  such  minute  quantities  of  it  suffice  to 
carry  infection  through  an  indefinite  series  of  aninuils. 
We  have  propagated  the  virus  now  through  twenty-five 
generations,  representing  twenty-five  separate  series  of 
monkeys,  and  as  many  removes  from  the  original  hunum 
material  supplying  it,  and  the  activity  of  the  virus  for 
the  monkeys  has  increased  rather  than  diminished  in  the 
course,  and  as  the  result  of  the  successive  transplanta- 
tions. Whether  the  virus  has  been  or  is  to  be  cultivated 
outside  of  the  body  is  still  an  undecided  question.  We 
early  secured  certain  indications  which  led  us  to  hope 
that  the  virus  multiplied  in  a  medium  of  bouillon  mixed 
with  human  serum.  AVe  liave,  however,  not  succeeded 
in  producing  paralysis  by  the  inoculation  of  one  of  these 
possible  cultivations.  On  the  other  hand,  original  virus 
has  been  observed  to  retain  its  virulence  for  several 
weeks  when  kept  in  a  similar  bouillon  at  the  temperature 
of  the  thermostat. 
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Al  llic  niil-cl  of  llic  {■.\|M'i-iiiiciits  we  csljinalfd  lluil 
less  than  onc-liair  of  llu;  m()Mk(\ys  that  bccaiiic  paralyzed 
would,  if  pcnniUcd,  rccoNcr  more  or  less  coiiiph'tcdy 
from  Ihc  paralysis.  Since,  howcvci',  oiii'  purposf;  was 
best  s('r\('d  al  tln'  time  hy  sacrKicinn-  the  pai'aly/cd  ani- 
mals ininKMJialcly  on  thd  appcai'ancc  of  the  jiai-alysis, 
they  were  as  a  I'ulc  ctlierizcd.  We  now  hclicvo  tliat  the 
dcHliK'tion  was  crroiiooiis  and  tliat  the  fatalities  would 
have  been  greater  than  we  sup))osed.  and  probably  as 
many  as  three-fourths  of  the  paralyzed  animals  would 
have  succumbed  to  the  disease.  At  this  early  ])eriod, 
however,  a  number  of  paralyzed  animals  recovered,  usu- 
ally, however,  incompletely,  retaining  residues  of  the 
pai'alysis  similar  to  wbat  is  ol)served  in  the  spontaneous 
human  affection.  The  indications  now  are  that  the  virus 
has  altered  qualitatively  and  so  increased  in  potency  in 
the  later  generations  that  recoveries  are  hardly  to  be 
looked  for.  The  mortality  at  present  approaches  100 
per  cent.,  with  which  figure  there  is  happily  nothing  in 
the  pathology  of  the  human  affection  that  is  comparable. 
In  view  of  certain  experiments  of  a  therapeutic  char- 
acter which  are  to  be  mentioned,  the  fact  of  the  intense 
activity  of  the  virus  should  be  borne  in  mind.  Undoubt- 
edly examples  of  the  virus  will  be  discovered  which  will 
become  modified  in  the  reverse  direction  and  lose  rather 
than  gain  in  activity.  At  one  period,  indeed,  in  the 
course  of  propagation  of  each  of  the  two  viruses  which 
w^e  originally  secured  there  occurred  what  appeared  to 
be  a  sharp  decrease  of  virulence,  a  change  indicated  by 
feeble  effects  during  several  passages  and  the  final  loss  of 
power  of  certain  strains  to  transmit  the  infection.  To 
the  circumstance  that  we  carried  the  virus  forward  in 
parallel  series  of  inoculations  is  to  be  attributed  the  sur- 
vival and  increasing  activity  of  the  strains  at  present 
in  use. 

IXOCULATIOX    OF   OTUKK   AXIMALS 

Repeated  attempts  have  been  made  to  imj^lant  the 
virus  on  other  animals,  but  without  success.^  The  ani- 
mals  thus   employed   consisted  of   the   available   warm- 

1.  Krause  and  Meinioke,  in  Gormany,  of  all  thoso  onffaprod  in 
(ho  rocont  Invostigafions,  alone  claim  to  have  transforitnl  the  disease 
lo  rabbits. 
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bloudt'd  duiiiestic  animals  of  tliis  country,  and  included 
guinea-pigs,  rabbits,  rats,  mice,  dogs,  cats,  sheep,  cows; 
goats,  pigs,  chickens,  pigeons  and  horse.  The  rabbits 
and  guinea-pigs  were  inoculated  directly  with  each  of 
the  two  8])ecimens  of  human  virus,  and  additicjnal  rab- 
bits and  guinea-pigs  and  other  animals  with  virus  derived 
from  monkeys.  In  contrast  with  these  failures  is  the 
successful  employment  of  several  species  of  monkeys. 
The  greater  number  employed  were  of  the  species 
Macacus  rliesus,  hut  all  other  species  of  old  world  mon- 
keys seem  equally  susceptible.  These  included,  beside 
M.  rhesus,  M.  Cyonomolyus  and  nenicstrinus,  Cercocchus 
fidignosus,  Cercopithecus  callitrichus,  and  Papio  babuin. 
Of  the  new  world  monkeys  we  employed  two  species,  one 
belonging  to  the  genus  Cebus  and  the  other  including 
Capuchinus.  It  chanced  that  the  larger  ring-tail  proved 
susceptible  and  the»  smaller  did  not,  so  that  a  question 
arises  whether  the  catarrh ine  are  not  more  uniformly  sus- 
ceptible than  the  platarrhine  species.  No  instance  of 
the  s})ontaneous  transfer  of  the  virus  from  a  paralyzed 
to  a  normal  monkey  arose,  although  many  opportunities 
for  contagion  occurred  in  the  course  of  our  many  experi- 
ments. This  fact  does  not  militate  against  the  notion 
of  contagion  in  respect  to  the  spontaneous  disease  in 
man,  for  the  reason  that  the  monkey  is  obviously  imder 
ordinary  conditions  and  because  of  the  possession  of 
adequate  external  means  of  defence  an  insusceptible 
species,  although  once  these  defences  are  surmounted  it 
proves  less  able  to  resist  the  injurious  effects  of  the  virus 
than  human  beings. 

MODES    OF    INFECTION 

We  have  seen  that  the  intracerebral  mode  of  infection 
is  not  the  only  successful  one,  and  that  the  virus  may  be 
introduced  into  the  body  by  way  of  the  peritoneal  cavity, 
under  circumstances  leading  to  paralysis.  It  has  been 
proved  that  the  virus,  when  derived  from  an  infected 
monkey,  may  also  be  introduced  successfully  by  way,  not 
only  of  the  peritoneum,  but  also  by  means  of  the  gen- 
eral blood,  the  subcutis,  spinal  canal,  large  nerves  and 
certain  mucous  surfaces.  Thus  the  introduction  of  large 
quantities  of  virus  into  the  stomach  or  duodenum  does 
not  lead  to  paralysis  unless  the  motions  of  these  organs 
are  for  a  time  arrested  by  means  of  opium.  When  per- 
istalsis has  thus  been  prevented  infection  and  paralysis 
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rcsull  iti  some  iiistniiccs  nl'tt'i'  lliis  mode  of  iril  rodnct  ion 
of  llic  \ii'iis.  IIo\\('\('i',  it  would  ;i|)|)(';ii"  that  none  of  tli(,' 
iivcMUcs  nu'iilioncd  lead  so  imifoi'iidy  to  paralvsis  as  do(.'S 
\\\v  (lii-('('i  or  iniraccn'hi'al  mode  of  inot'ulation  into  the 
iicivous  i  issues.  'I'licrc  exists,  liowevor,  one  inufons  sur- 
face (hat  is  moi'c  I'cadilv  traversed  hy  tlie  vii'iis  lliaii  llie 
other  avenues,  <'.\ee|)tinir  tiie  hraiii,  and  that  is  tlie 
mucosa  of  the  nasopharynx.  If  tliis  mucous  mend)rane 
is  lii^htlv  scarified  in  an  etheri/ed  animal,  and  the  virus 
rubbed  into  tlie  scarifications  by  means  of  a  swab,  infec- 
tion and  paralysis  usually,  and  witb  few  exceptions, 
results  with  prom])titude.  Our  experience  is  to  the 
effect  that  the  tracheal  mucosa  and  the  lungs  do  not 
afford  an  easy  point  of  entrance  of  the  virus  into  the 
body,  at  least  under  conditions  in  which  gross  lesions  of 
the  superficial  tissues  have  not  been  previously  produced. 
The  facts  just  given  concerning  the  several  possible 
portals  of  entry  of  the  virus  of  poliomyelitis  into  the 
body  under  conditions  leading  to  })aralysis  have  signifi- 
cance with  respect  to  the  usual  portal  of  entry  of  the 
poison  in  the  spontaneous  infection  in  man.  We  have 
been  led  by  certain  theoretical  considerations  to  view  the 
nasopharynx  as  the  location  in  the  body  to  be  regarded 
with  special  suspicion  as  being  the  portal  of  entry  of  the 
virus.  Some  of  these  theoretical  considerations  may  be 
mentioned.  Our  attention  was  arrested  by  the  frequently 
observed  fact  that  in  point  of  distribution  epidemic  poli- 
omyelitis resembles  epidemic  cerebrospinal  meningitis, 
and  that  the  two  diseases,  indeed,  so  often  presented 
such  close  similarities  in  this  respect  that  they  had  often 
been  confounded  with  each  other.  The  chief  and  strik- 
ing difference  between  them  related  to  the  seasonal  prev- 
alence, which  for  epidemic  poliomyelitis  is  midsummer 
and  for  epidemic  cerebrospinal  meningitis  late  winter  or 
early  spring.  The  two  diseases,  moreover,  attack  by 
preference  infants  and  young  children,  although  not 
sparing  older  children  and  adults,  and  in  about  the  same 
ratio.  In  the  majority  of  instances  a  single  case  appears 
in  a  family  or  home,  but  often  two  cases,  and  less  often 
three  or  more  cases  appear.  The  relation  between  the 
group  cases  in  a  house  or  locality  has  in  respect  to  both 
diseases  been  made  out  only  recently,  through  the  dis- 
covery of  the  role  of  the  intermediate  carrier  of  the 
infection. 
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Now  it  is  lit'kl  that  the  Diplococcus  intracellularis 
passes  into  the  cerebrospinal  membranes  by  way  of  the 
lymphatic-  connection  existint(  between  them  and  the 
nasopharynij;eal  mucous  membrane.  None  of  the  lower 
animals,  not  even  monkeys,  are  so  susceptible  to  the 
pathogenic  effects  of  the  Diplococcus  intracellularis  that 
its  inoculation  into  the  nasal  mucosa  suffices  to  set  up 
acute  meningitis.  We  have  already  seen  that  the  virus 
of  poliomyelitis,  which  is  so  much  more  active,  can  be 
introduced  successfully  by  dircit  inoculation  into  this 
membrane. 

The  considerations  thus  far  given  show  the  close  agree- 
ment existing  between  the  two  diseases,  epidemic  men- 
ingitis and  epidemic  poliomyelitis,  in  respect  to  the  ])art 
played  by  the  nasopharyngeal  mucous  membrane.  Still 
other  considerations  are  these:  It  is  ditficult,  if  not 
impossible,  to  establish  in  human  beings  the  fact  that  the 
diplococcus  passes  from  the  meninges  by  a  reverse  lymph 
current  into  the  nasopharynx,  and  \(^t  such  a  migration 
is  not  only  highly  probable,  but  would  most  readily 
r.nd  satisfactorily  explain  the  persistent  intracellularis 
infection  of  these  mucous  membranes,  which  is  regularly 
present  in  epidemic  cerebrospinal  meningitis.  The  case 
is  quite  different  in  monkeys  infected  with  Diplococcus 
intracellularis  by  injection  of  cultures  into  the  lumbar 
spinal  canal,  in  which  the  migration  into  the  naso- 
pharynx of  the  diplococcus  contained  in  leukocytes,  and 
free  also,  has  been  followed  with  the  microscope.  It 
may  therefore  be  regarded  as  established  that  this 
mucous  membrane  serves  both  as  the  site  of  escape  from 
and  of  entrance  into  the  meninges  of  the  Diplococcus 
intracellularis  in  man.  The  question  arises :  Does  this 
membrane  serve  a  similar  donble  function  in  respect  to 
the  virus  of  ])olioniyelitis?  That  it  nuiy  serve  for  its 
entrance  into  the  body  we  liavc  already  seen,  and  the 
experiment  is  readily  made  to  determine  whether  or  not 
the  virus  is  also  excreted  there.  The  excised  mucosa  of 
monkeys  recently  paralyzed  and  killed  has  only  to  be 
rubbed  up  with  quartz  sand,  suspended  in  distilled  water 
and  pressed  through  a  porcelain  filter  in  order  to  secure 
a  fluid  free  from  bacteria  and  suitable  for  inoculation 
into  the  brain  of  healthy  monkeys.  By  employing  this 
method  we  have  been  able  to  produce  paralysis,  and  thus 
to  prove  that  the  mucous  membrane  contains  the  virus. 
The  virus  in  the  mucous  membrane  is  not  derived  from 
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llic  Mood  coiihiiiicd  williiii  il.  Il  is  Inic  lliai  the  Mooil 
(Iocs  coiilniii  (lie  virus,  l)iil,  in  siicli  iiiijiiinal  (|iiaiilitie8 
tliat  ail  aiiioiiiil  of  two  ciihic  (('iiliiiiclci-s  may  fail  to 
cause  (lie  iiil'ccl ion.  wliilc  as  iniicli  as  2^)  has  causcil 
typical  paialysis.  M(>i('o\<'r,  wc  liaxc  ascci'laiiicd  Ihat 
the  origans  m'iu'i"ally  do  not  contain  the  virus  in  such 
amounts  as  readily  to  convey  the  infection.  We  jiave 
failed  repeatedly  to  secure  injection  i'l'om  the  spleen, 
hone  niari-()\v,  livci-  and  diirerent  groups  of  lymphatic 
iilands.  and  in  several  ex])eriments  failed  to  develoj) 
paralysis  after  injection  of  the  salivary  glands,  although 
Le\aditi  has  rei)orte(l  one  siicli  successful  experiment 
among  several  failures.  We  have  failed  to  produce 
paralysis  by  the  injection  of  a  suspension  of  the  mesen- 
teric lymph  nodes  taken  from  an  animal  that  had  hecome 
paralyzed  as  a  result  of  an  intrastomachic  injection  of 
the  virus,  while  we  have  been  successful  in  producing 
paralysis  with  the  mesenteric  lymph  nodes  secured  from 
a  human  case  of  poliomyelitis.  That  the  lymphatic 
glands  in  the  monkey  are  capable  of  retaining  the  virus 
in  an  active  state  is  proved  by  the  fact  that  after  sub- 
cutaneous inoculation  of  an  emulsion  of  the  spinal  cord 
derived  from  a  paralyzed  animal,  the  regional  lymphatic 
glands  (axillary  and  inguinal)  proved  infectious. 
Again,  Eomer  and  Leiner  and  Wiesner  have  in  certain 
instances  caused  paralysis  by  injecting  into  the  brain 
emulsions  of  the  mesenteric  and  of  the  cervical  lymphatic 
glands  taken  from  monkeys  which  became  paralyzed  fol- 
lowing an  intra-cerebral  inoculation  of  the  virus.  It 
appears,  therefore,  that  the  virus  may  be  retained  for 
a  time  by  certain  distant  organs,  and  especially  by  the 
lymphatic  glands,  which  it  reaches  through  the  general 
circulation;  but  these  localizations  give  no  indication  of 
the  point  of  entrance  into  the  body  of  the  virus.  The 
virus  has  thus  far  not  been  found  in  the  excreta,  that  is, 
in  the  feces  and  urine,  nor  in  the  intestinal  mucosa  or 
bile.  Since  the  virus  is  filterable  it  is  possible  to  demon- 
strate its  presence  in  material  highly  contaminated  with 
bacteria. 

We  are  disposed  to  the  view  that  the  nasal  mucosa 
serves  not  only  as  the  jjortal  of  infection  but  also  as  the 
path  of  elimination  of  the  virus  into  external  nature, 
since  such  elimination  must  occur  in  ord(M-  that  the  virus 
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be  maintained  alive  ant  I  transmissible.     It  is  well  known 
tbat  clire'jt  connections  exist  between  the  meninges  and 
the  nasal  mucosa  by  way  of  the  lymphatics,  which  pass 
with  the  fihum'nts  of  the  olfactory  nerve  through  the 
cribriform  [)late.     We  have  already  alluded  to  the  fact 
that  the  virus  first  becomes  implanted  on  the  leptomen- 
inges,  and  this  primary  location  of  the  virus  is  what 
would  be  especially  favored  by  the  mode  of  entrance  of 
the  virus  just  mentioned.     That  the  early  participation 
of  the  leptomeninges    does    not    occur    without  certain 
definite   corresponding   alterations'  taking   place   in   the 
cerebrospinal   iluid   we   have  been  able  to   demonstrate. 
It  will  be  recalled  that  the  cerebrospinal  fluid  obtained 
by  lumbar    puncture    from    cases  of  the  human  spon- 
taneous disease  at  dift'erent  periods  after  the  onset  of 
paralysis,  have  shown  only  slight  qualitative  abnormali- 
ties.   These  fluids,  which  aie  clear,  but  may  be  in  excess, 
show   merely   a   moderate   increase   of   the   lymphocytes 
normally    present,    and    no  other    qualitative    changes. 
Moreover,  this  fluid  has  been  shown  by  repeated  tests  to 
be  non-infectious,  or  at  least  not  capable  of  setting  up 
paralysis  in  monkeys,  even  when  injected  into  the  brain. 
In  monkeys  on  the  other  hand,  in  which  the  spinal  fluid 
can  be  investigated  during  the  incubation  period  of  the 
disease,  as  well  as  after  the  development  of  paralysis,  it 
has  been  shown  that  the  reaction  of  the  meninges  to  the 
injection  of  the  virus  occurs  quickly  and   that  at  the 
expiration    of    periods    of    twenty-four,    forty-eight  or 
seventy-two  hours,  the  number  of  cells  within  the  fluid 
has  progressively  increased,  so  as  to  give  rise  to  a  slight 
opalescence  of  the  fluid  which  becomes  subject  also  to 
spontaneous  coagulation.     The  fluids  contain  an  excess 
of  protein,    as    may    be    shown  by  means  of  Noguchi's 
butyric  acid  test.     This  condition  of  increased  cells  and 
protein  is  of  brief  duration  and  is  succeeded  by  one  in 
which  the  fluid  is  clear  and  non-coagulable  and  the  pro- 
tein not  increased,  but  only  the  lymphocytes  are  more 
numerous  than  nonually.     This  is  the  state  of  the  fluid 
in  monkeys    at    a    period    concurring  with  the  onset  of 
paralysis,  or  appearing  soon  after,  so  that  there  is  essen- 
tial agreement  between  the  two  conditions.     The  spinal 
fluid  taken  from  monkeys  when  clear  and  limpid,  does 
not  convey  the  infection  and  produce  paralysis,  but  when 
the  fluid  is  taken  at  an  earlier  period,  at  the  height  of 
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i\]v  opalescence,  il  is  capaMc  of  I  lansiiiiH  iii^  llie  dis- 
ease. 

l^'iiially,  the  (|iiesli()ii  arises  wliellicr  the  virus  of  pol- 
ioinyelilis  can  he  direcMy  iiiif)huiie(l  oji  l,h(;  hjptornen- 
iiii^^es,  which  (picslioii  can  he  answered  in  th(!  aflirrnative. 
It'  an  acti\('  \iiMis  is  introduced  l)y  lunihar  pun(;tiire  into 
llu'  inetiin^es,  infection  and  ])aralysis  may  Ix!  produced. 
Hence  it  would  appear  as  tliou^di  all  th(!  theoretical  con- 
ditions required  to  establish  the  nasal  and  meningeal 
route  as  a  direct  one  for  infection  in  ijolioniyc^litis  had 
been  supplied  by  experiment. 

It  remains  to  add  that  in  course  of  the  demonstration 
given  by  these  experiments,  two  important  subsidiary 
])roblems  have  been  elucidated :  First  the  pathogenesis 
of  the  all'ection  has  been  rendered,  clear  and  comprehen- 
sible, and  next  the  changes  in  the  spinal  fluid  induced 
by  the  infection  have  been  brought  clearly  into  view  as 
constituting  criteria  on  which,  even  in  human  cases,  an 
earl}^  diagnosis  of  the  disease,  preceding  the  onset  of 
any  meningeal  or  paralytic  symptoms,  may  come  to  be 
based.  What  is  required  merely  is  that  those  physicians 
having  access  to  clinical  cases  should  perform  lumbar 
puncture  early-  when  poliomyelitis  is  suspected,  and  dur- 
ing the  prevalence  of  an  epidemic  on  patients  presenting 
a  series  of  indefinite  symptoms  that  precede  as  pro- 
dromata  the  onset  of  paralysis,  or  themselves  comprise 
the  group-symptoms  that  may  define  the  so-called  abortive 
form  of  the  affection. 

IMMUNITY 

Experiments  have  been  conducted  to  determine  the 
kinds  and  degrees  of  immunity  which  are  produced  by 
tjie  inoculation  of  the  virus  of  poliomyelitis.  Since  the 
literature  on  epidemic  poliomyelitis  is  silent  on  the  sub- 
ject of  reinfection,  it  can  be  inferred  that  two  attacks 
of  the  disease  are  rarely  if  ever  suffered  by  one  indi- 
vidual. Two  possible  reasons  can  be  assigned  for  this: 
The  first  and  most  probable  is  that  one  attack  of  this 
disease,  as  is  the  case  with  some  other  acute  general 
infections,  tends  to  afford  an  enduring  immunity,  and 
the  other,  that  as  epidemics  have  in  the  past  occurred 

1*.  The  earliest  ceUuIar  reaction  in  monkeys  is  not  purely 
lymphocytic  but  includes  polymorphonuclear  leukocytes  which  may 
predominate  for  the  first  period  of  one  or  two  days.  The  earliest 
reaction  of  the  meninges  in  human  beinps  also  is  attended  with 
polymorphonuclear  excess   (Wickman  and  Fulton). 
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infrequently  and  reappeared  after  long  intervals,  the 
children  once  affected  have  passed  beyond  the  susceptible 
age  period  at  the  time  of  the  next  epidennc. 

We  have  available  in  monkeys  which  have  recovered 
from  an  undoubted  infection,  attended  by  paralysis,  an 
opportunity  to  decide  the  question  whether  an  attack  of 
poliomyelitis  protects  against  subsequent  infection. 
Thus  far  we  have  subjected  a  number  of  monkeys  to 
reinoculation  into  the  brain  at  periods  varying  from 
eight  days  to  four  or  five  months,  after  the  paralysis 
first  a])peared,  without  succeeding  in  reinfecting  any  of 
these  animals.  They  were  not  rendered  perceptibly  sick 
by  the  subsequent  inoculation  after  the  one  originally 
producing  paralysis,  and  in  no  instance  was  recrudes- 
cence of  the  paralysis  produced.  It  is  interesting  to  note 
that  in  point  of  severity  the  first  attack  varied  between 
mere  tremor  of  the  head,  a  partial  paralysis  of  one  limb, 
and  complete  paralysis  of  legs  and  arms.  The  paralysis 
had  in  some  instances  nearly  or  completely  disappeared, 
and  in  others  it  had  become  reduced,  but  still  affected 
all  the  muscles  of  one  or  two  limbs.  These  results  indi- 
cate what  will  probably  be  found  to  be  true  equally  of 
hunum  beings,  that  an  undoubted  attack  of  poliomyelitis, 
even  when  unaccompanied  l)y  definite  paralysis,  produces 
a  state  of  refractoriness  to  reinoculation  with  active 
virus  that  endures  for  months  and  probably  for  years, 
if  not  throughout  the  life  of  the  affected  individual. 
On  the  other  hand,  our  experiments,  embracing  now  a 
large  number  of  monkeys,  establish  that  when  the  virus 
is  introduced  into  the  brain,  practically  all  monkej's 
belonging  to  the  generally  susceptible  species  are  subject 
to  infection,  although  they  do  not  invariably  succumb 
to  the  first  inoculation,  but  may  require  a  second  injec- 
tion. However,  it  would  still  appear  that  rare  individual 
uioidv'eys  are  highly  refractory  to  infection,  and  it  has 
also  been  observed  that  an  unsuccessful  inoculation  of 
the  virus  does  not  act  as  a  protective,  but  leaves  the  unaf- 
fected animals  either  with  their  original  degree  of  sus- 
ceptibility unimpaired,  or,  what  further  experimentation 
will  be  needed  to  confirm,  leaves  the  an i nulls  possibly 
somewhat  more  disposed  to  a  subsequent  infection. 

This  latter  point  of  the  failure  of  an  unsuccessful 
intracerebral  inoculation  of  the  virus  to  increase  resist- 
ance does  not  answer  the  question  negatively,  whelher 
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1)\  siiiialilc  nicjiiis  il  iiinv  not  he  possible  to  develop  an 
active!  iiniuiinily  iiidcpciKlcnily  ol"  tlic  production  of  even 
the  most  triflin<^^  syni|)toins  tliat  iiii<j^lit  he  tak(!n  to  indi- 
cate an  attack  of  ])oliomYe]itis.  We  have,  iiicU'cd,  been 
snocessful  in  eslahlisliin;;-  in  a  ceiiain  nuniher  ol"  mon- 
keys a  state  of  active  immunity  through  a  single  large 
subcutaneous  injeetion  of  the  crude  or  modified  virus, 
as  represented  l)y  the  emulsions  of  the  spinal  cord  taken 
from  recently  paralyzed  monkeys,  or  by  repeated  injec- 
tions of  gradually  increased  amounts  of  the  crude  virus. 
This  mode  of  producing  active  immunity  has  not,  up 
to  the  present,  been  developed  into  a  uniformly  success- 
ful and  safe  method,  since  of  the  treated  animals  some 
do  not  develop  a  strong  immunity  and  others  develop 
paralysis  as  a  result  of  the  treatment.  The  direct 
immunizing  effect  has  been  produced  also  by  means  of  a 
virus  somewhat  modified  after  a  long  immersion  in  gly- 
cerin, so  that  it  may  be  regarded  as  probable  that  a  quali- 
tatively modified  virus,  changed  through  the  action  of 
chemical  or  physical  agents,  or  modified  by  biological 
conditions  within  certain  hosts,  can  be  produced,  and 
that  this  altered  virus  will  be  found  more  appropriate 
than  the  virus  of  full  potency  for  purposes  of  active 
immunization.  i\.t  present  the  experimental  basis  is 
entirely  inadequate  to  justify  the  attempt  to  induce 
active  immunity  as  a  protective  measure  in  human 
beings.  Monkeys  thus  directly  immunized  resist  suc- 
cessfully the  injection  of  large  doses  of  virus  into  the 
brain. 

It  has  therefore  been  established  that  an  undoubted 
and  even  high  degree  of  immunity  to  infection  with  the 
virus  of  poliomyelitis  is  obtainable  in  animals,  and 
probably  equally  in  human  beings.  The  question  which 
next  arises  is  this :  As  a  result  of  this  immunity,  do  the 
body  fluids  acquire  new  properties  capable  of  experi- 
mental demonstration,  on  which  the  immunity  probably 
depends  ?  In  answer  it  can  be  stated  that  human  beings 
and  monkeys  who  have  passed  through  an  attack  of  pol- 
iomyelitis come  to  contain  in  their  blood  certain  neu- 
tralizing principles  for  the  virus  of  poliomyelitis,  and 
that  these  principles  are  readily  demonstrable  by  animal 
tests  for  two  or  more  years  in  human  beings,  and  that 
they  probably  persist  for  as  great  a  i)eriod  in  monkeys. 
Similar  i)rinciples  are  absent  from  the  normal  serum. 


They  are  demonstrated  by  bringing  into  contact  an 
active  filtrate  containing  the  virus  with  the  serum  of 
the  blood  derived  from  animals  or  human  beings  vviio 
have  recovered  from  poliomyelitis,  or  from  monkeys 
actively  immunized  directly  to  the  virus,  and  incubating 
the  mixture  for  a  period  at  37  C.  and  determining  that 
after  this  treatment  the  virus  is  no  longer  able  to  set  up 
paralysis  on  being  injected  into  the  brain  of  normal 
monkeys.  Furthermore,  it  has  been  shown  by  Natter 
and  Levaditi  that  the  blood  of  a  patient  who  had  suf- 
fered an  abortive  attack  of  poliomyelitis  contained  such 
neutralizing  principles. 

A  pressing  question  could  now  be  approached,  namely, 
whether  the  immunity  principles  contained  within  the 
serum  suffice  to  neuti'alize  the  virus  of  poliomyelitis 
once  it  is  present  in  the  body.  It  could  be  assumed  that 
the  serum  of  animals,  as  of  human  beings  that  had 
recovered  from  paralysis,  would  contain  the  immunity 
principles  in  no  high  state  of  concentration.  Effort  was 
therefore  made  to  reinforce  the  degree  of  immunity  in 
these  monkeys  by  subsequent  inoculations  of  virus,  and 
the  therapeutic  experiments  defined  were  conducted  in 
part  with  this  reinforced  serum,  and  in  part  with  the 
serum  of  directly  immunized  monkeys,  and  such  serum 
as  could  be  obtained  from  human  patients.  It  can  now 
be  stated  that  if  the  quantity  of  the  virus  injected  into 
the  brain  be  not  in  excess  of  a  given  dose  the  develop- 
ment of  paralysis  can  in  some  cases  be  prevented  by  mak- 
ing several  injections  of  the  serum  by  lumbar  puncture 
into  the  subarachnoid  space,  while  in  another  number  of 
animals  the  onset  of  paralysis  is  much  delayed.  In 
respect  to  the  latter  ])oint  it  may  be  stated  that  the 
period  of  incubation  in  the  control  animals  ranged  from 
seven  to  eleven  days,  and  in  some  of  the  animals  treated 
with  the  human  serum  the  onset  of  paralysis  was  delayed 
until  the  twenty-sixth  or  twenty-seventh  day.  More- 
over, infection  by  the  nasal  mucosa  can  also  and  with 
greater  certainty  be  prevented  by  the  serum  injections. 

The  manner  of  making  the  therapeutic  injections  was 
somewhat  varied,  but  in  general  may  be  described  as 
follows :  An  intracerebral  injection  of  the  virus  having 
been  made,  after  the  expiration  of  a  period  not  exceeding 
twentv-four  hours,  the  subarachnoid  injections  of  the 
serum  were  performed  on  three  successive  days,  after 
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wliicli.  :iii  iiilcival  of  llii-cc  (lavs  having  been  allowed  to 
elapse,  three  more  daily  injections  of  serum  were  given. 
We  chose  the  subarachnoid  method  of  inj(!ction  rather 
than  Ihc  intravenous  mo(h*,  in  order  that  the  immunity 
])rinci))l('s  might  be  brought  into  the  most  direct  rela- 
tionshij)  with  tlie  virus,  and  particularly  in  view  of  our 
conce])tion  of  the  pathogenesis  of  poliomycjlitis  and  of 
the  })rimary  site  of  localization  of  the  virus  in  the  lepto- 
meninges.  We  believe  that  as  good  results  could  not  be 
achieved  by  the  intravenous  injection  of  the  serum, 
although  the  immunity  principles  could  doubtless  be 
brought  to  the  nervous  tissues  by  the  circulating  blood, 
for  the  reason  that  we  know  that  these  principles  are  not 
readily  if  at  all  secreted  into  the  subarachnoid  space. 
Hence  they  would  not  come  into  relationship  with  the 
seat  of  the  active  virus  at  a  period  preceding  its  active 
proliferation  and  extension  throughout  the  nervous  tis- 
sues. We  think  it  also  probable  that  had  the  serum 
injections  been  resumed  after  another  interval  of  rest, 
the  last  vestiges  of  the  virus  in  the  tissues  might  have 
been  destroyed  in  those  animals  in  which  the  incubation 
period  was  much  delayed,  so  that  the  ultimate  appear- 
ance of  paralysis  might  have  been  entirely  prevented. 

We  have  sought  to  ascertain  w^hether  animals  protected 
from  infection  through  the  employment  of  mixtures  of 
virus  and  immune  sera,  or  as  a  result  of  treatment  by 
subarachnoid  injections  of  immune  sera  for  therapeutic 
purposes,  exhibited  an  unusual  degree  of  resistance  to 
subsequent  intracerebral  injections  of  active  virus  made 
at  periods  of  several  weeks  to  four  or  five  months  after 
the  conclusion  of  the  original  experiments.  The  object 
of  these  tests  was  to  ascertain  whether  a  permanent 
augmentation  of  the  natural  resistance  to  infection  had 
been  accomplished  by  the  introduction  of  the  virus  under 
these  conditions  of  restraint  into  the  body.  We  have 
found  that  no  unusual  degree  of  resistance  to  subsequent 
intracerebral  injections  of  active  virus  has  resulted, 
which  fact  we  believe  points  to  the  validity  of  the  fol- 
lowing deductions :  (1)  A  neutralized  mixture  of  virus 
and  immune  serum  does  not  lead  to  any  degree  of  active 
immunization;  (2)  the  therapeutic  action  of  an  immune 
serum  is  associated  with  restraint  of  multiplication  of 
the  virus  such  as    would    l)e    required  to  establish  anv 


24 

grade  of  active  immunity;  (3)  a  simple  passive  immun- 
ity is  either  not  produced  at  all  by  the  serum  injections, 
or  is  of  brief  duration  or  small  amount. 

PRODUCTION  OF  A  SERUM 

The  observations  on  immunity  which  have  been  pre- 
sented early  suggested  that  an  effort  be  made  to  produce 
a  corresponding  active  immunity  in  some  of  the  lower 
animals  that  might  possibly  become  the  source  of  a 
therapeutic  serum.  This  particular  phase  of  our  studies 
is  being  actively  pursued  at  the  present  time.  However, 
several  facts  have  already  been  developed.  It  has,  for 
instance,  been  found  that  the  horse  does  not  readily 
respond  even  to  large  injections  of  filtrates  carrying  the 
active  virus  with  the  development  of  immunity  princi- 
ples within  the  blood.  It  is  true  that  our  experiments 
are  restricted  for  the  present  to  a  single  horse,  the  blood 
serum  of  which,  after  many  months  of  treatment,  had 
no  restraining  effect  on  the  virus  either  in  vitro  or  within 
the  body.  The  rabbit  and  chicken  would  seem  not  to 
yield  such  immunity  principles.  On  the  other  hand  we 
have  secured  indications  that  the  sheep  may  react  more 
favorably.  It  has  been  found  that  normal  sheep  serum 
possesses  a  definite  although  slight  neutralizing  power 
for  the  filtered  virus  when  mixed  directly  with  it,  and 
that  the  injection  of  emulsions  of  the  spinal  cord  and 
brain  of  recently  paralyzed  monkeys  into  the  sheep  aug- 
ments this  property  of  neutralization.  What  remains  to 
be  determined  is  the  degree  to  which  this  augmentation 
can  be  carried,  and  whether  a  serum  can  be  secured  that 
will  possess  therapeutic  value;  but  should  the  sheep  fail 
in  this  respect,  the  search  must  be  continued  and  be 
made  to  include  still  other  species  of  animals,  in  the 
hope  that  one  will  be  found  in  which  the  innnunity 
response  will  be  greater.  There  are  serious  objections 
to  the  use  of  monkeys  as  a  source  of  a  therapeutic 
serum,  even  were  one  of  high  potency  capable  of  being 
prepared  in  those  animals.  The  use  of  human  serum, 
derived  from  persons  who  have  passed  through  an  attack 
of  poliomyelitis^  as  a  therapeutic  agent,  would  be  free 
of  certain  objections  attached  to  the  use  of  monkey 
serum,  but  it  is  not  very  probable  that  such  an  immune 
serum  would  be  found  to  have  sufficient  strength  or  that 
it  could  be  procured  with  sufficient  readiness  to  make  it 
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aviiilnhlc  for  priicticiil  ;i|)i)lication.  Finally,  the  seruiri 
livatincnl  ol'  jMjlioiiiyclilis  imist  at  tli(3  present  time  be 
ivi::ar(le(l  as  strictly  in  tlie  exi)eriniental  state,  and  it  ean- 
not  be  predicted  bow  soon  or  wlietber  ever  at  all  sucb  a 
form  of  specific  treatment  of  tbe  disease  will  be  applica- 
ble to  tbe  spontaneous  epidemic  disease  in  biiman 
beings. 

SUMMARY 

It  may  be  confidently  stated  tbat  tbe  experimental 
study  of  poliomyelitis  bas  yielded  a  large  number  of 
important  facts  relating  to  tbe  spontaneous  disease  in 
man.  Tliese  facts  include  tbe  discovery  of  tbe  nature  of 
the  virus,  of  many  of  its  properties,  of  certain  important 
clinical  and  pathological  peculiarities  of  the  disease,  of 
the  phenomena  of  immunity,  of  a  mode  of  spontaneous 
infection,  while  they  have  served  to  establish  a  basis  on 
which  to  develop  measures  of  prevention,  and  on  which 
to  build  hopes  for  the  working  out  of  a  specific  method 
of  treatment.  Moreover,  the  advance  wdiich  has  now 
been  accomplished  will  make  it  possible  to  determine 
with  accuracy  whether  poliomyelitis  is  a  single  clinical 
and  pathologic  entity,  or  a  generic  name  covering  groups 
of  symptoms  and  descriptive  of  the  efi^ects  of  certain 
lesions  of  the  spinal  cord  and  brain  of  which  epidemic 
poliomyelitis  is  merely  one,  but  the  most  important 
variety.  It  is  not  improbable  that  poliomyelitis,  like 
meningitis,  may  be  found  to  arise  from  several  inde- 
pendent causes,  and  that  epidemic  poliomyelitis,  like 
epidemic  meningitis,  may  be  distinguished  among  the 
varieties  by  being  invariably  the  product  of  a  specific 
micro-organism.  We  possess  already  evidence  to  the 
effect  that  certain  of  the  lower  animals,  among  them 
poultry,  the  dog,  and  possibly  tbe  horse,  are  subject  to 
poliomyelitis,  due  apparently  in  each  instance  to  a  cause 
peculiar  to  tbe  species  affected. 
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PART  I.   THE  THEORETICAL  AND  EXPERIMENTAL 
BASIS  FOR  THE  USE  OF  "GOG" 

The  object  of  experimental  chemotherapy  is  the  prep- 
aration and  discovery  of  drugs  which  shall  possess  spe- 
cific powers  over  given  parasitic  micro-organisms.  The 
pursuit  of  this  object  has  recently  been  greatly  promoted 
by  the  discovery  by  Professor  Ehrlich  of  a  drug  which 
possesses  extraordinary  power  of  destruction  over  cer- 
tain, at  least,  of  the  parasitic  spirochetes.  Ehrlich  has 
for  many  years  been  engaged  in  the  synthesis  of  drugs, 
the  ultimate  purpose  of  which  was  the  destruction  within 
the  body  of  such  parasitic  organisms  as  trypanosomes 
and  spirochetes  under  conditions  in  which  the  organic 
cells  of  the  host  would  be  left  unaffected.  In  other 
words,  and  to  use  Ehrlich's  terminology,  it  was  neces- 
sary to  seek  drugs  which  were  on  the  one  hand  highly 
parasitotropic  and  on  the  other  were  quite  devoid  of 
organotropic  activities.  In  the  course  of  this  quest,  Ehr- 
lich has  had  the  good  fortune  to  produce  a  number  of 
drugs  which  more  or  less  fulfilled  these  ideal  conditions, 
but  recently  the  quest  has  been  crowned  with  an  extra- 
ordinary achievement  that  promises  to  be  of  the  greatest 
importance  in  the  treatment  of  syphilis  and  hence  of 
incalculable  benefit  to  the  human  race. 

We  may  begin  by  summarizing  a  fragment  of  the  con- 
ceptions which  led  Ehrlich  to  his  most  recent  important 

*  From  the  Rockefeller  Institute  for  Medical  Research,  Now 
York. 


discovery:  The  animal  parasites  eausin<^  malaria,  try- 
panosomiasis, sypliilis,  amebic  dysentery,  etc.,  appar- 
ently can  not  be  successfully  attacked  by  means  of 
immune  sera,  and  therefore  their  conquest  must  be  at- 
tempted by  means  of  ordinary  chemical  substances.  The 
history  of  the  treatment  of  malaria  with  (piinin  indi- 
cated that  this  line  of  attack  is  a  feasible  one,  particularly 
in  view  of  the  fact  that  quinin  represents  the  successful 
employment  of  one  drug  out  of  an  innumerable  series 
tried  by  man  in  nature.  It  is  possible  through  the  aid 
of  modern  synthetic  chemistry  to  prepare  an  almost 
infinite  number  of  condjinations  whicli  can  then  be 
tested  on  aninuils  infected  with  the  animal  parasites  of 
the  diseases  named,  until  compounds  are  found  which 
exhibit  a  higher  degree  of  poisonous  effect  on  the  para- 
site than  on  the  host.  Having  achieved  this  first  selec- 
tion, the  partially  successful  compound  can  then  be 
further  altered  by  possible  substitutions,  which  may  serve 
to  render  it  still  more  suitable  for  the  purposes  in  view. 
While  Ehrlich  was  crgaged  in  developing  this  line  of 
investigation,  the  substance  atoxyl,  which  is  an  empiri- 
cal a-rsenical  compound,  came  into  use  in  the  treatment 
of  sleeping  sickness,  for  which  it  proved  a  highly  useful 
although  not  invariably  successful  drug.  This  substance, 
which  was  demonstrated  to  be  more  poisonous  for  one  of 
these  animal  parasites  than  for  the  human  host,  be- 
came the  starting  point  for  chemical  variations  which 
culminated  in  the  preparation  of  the  compound  ''G06." 
The  starting  point  of  the  successful  substitutions  in  con- 
nection with  atoxyl  was  the  working  out  of  its  real  con- 
stitution. It  had  been  considt^red  as  an  anilid  of  arsenic 
acid,  /\ 

\/NH.  As  O, 

which,  being  an  unstable  compound,  would  not  allow  of 
the  necessary  chemical  manipulation  and  substitution. 
In  collaboration  with  his  chemical  assistant,  Bertheim, 
Ehrlich  ascertained  that  atoxyl  is  in  fact  the  sodium 
salt  of  para-aminophenvl  arsenic  acid, 

NH, 


Na  0-As=0 

I 

OH 


In  this  (•(iiiipouml  llic  molecule  of  Mrscnie  is  (Inulv  al- 
laelied  jo  i\w  l)('ii/,ole  riii^i,  hcciliise  of  wliicli  the  com- 
j)oiiii(l  ailmils  of  Hie  ncccssai-y  maniiJiilalion  and  siib- 
t^titiitioii  at  (liU'cri'm  positions  in  the  ^in<^^  DiflVrcnt 
pul)stitnti()n  ])ro(liu'ts  were  next  prepared  and  tested  for 
their  tliei'apeiitiv'  effects  on  infected  animals.  I'p  to  the 
present  time,  nbont  (VM  snbstitution  prodncts  have  been 
made  and  tested,  of  which  four  only  liave  proved  to  pos- 
sess tlie  recjuisite  parasitotropic  i)roj)erties,  witliout  at 
tlie  same  time  being  injurious  to  the  organs  of  the  host. 
Tliese  substances  are:  acetyl-atoxyl ;  arsenoj)lienylglycin, 
or  "418,"  tryparosan,  and  arsenol)enzol,  or  "GOG."  Ex- 
cepting the  drug  tryparosan,  arsenic  is  tlie  active  prin- 
ciple in  all  the  preparations,  the  other  chemical  groups 
present  merely  serving  to  fix  this  substance  to  the  para^ 
site.  Thus  for  example  it  has  been  found  that  the  acetyl 
group  has  a  special  affinity  for  trypanosomes  and  the 
amino  and  hydroxyl  groups  a  special  affinity  for  the 
spirochetes. 

It  is  obvious  that  this  kind  of  pharmacologic  research 
is  possible  only  if  animals  can  be  used  as  the  basis  of 
experiment.  Fortunately,  the  discovery  of  the  trans- 
missibility  of  syphilis  to  the  lower  animals  and  of  Tre- 
ponema pallidum,  the  parasitic  cause  of  syphilis,  came  to 
be  achieved  about  this  time.  Hence  the  new  drugs  could  be 
tested  not  only  against  fowl  spirilla  and  the  spiral  organ- 
isms of  relapsing  fever,  but  also  against  Treponema  pal- 
lidum in  infected  rabbits.  In  due  time  preparation  No. 
"606"  came  thus  to  be  tested,  and  was  proved  to  be  effi- 
cient in  a  single  dose,  which  while  it  sufficed  to  destroy 
all  the  parasites  was  without  perceptible  injurious  effect 
on  the  host. 

Jn  the  course  of  previous  investigations,  Ehrlich  had 
ascertained  that  it  was  not  safe  to  attempt  to  destroy  the 
animal  parasites  by  means  of  repeated  small  doses  of 
an  injurious  drug,  and  for  the  reason  that  in  the  course 
of  this  method  of  treatment,  the  parasites  often  develop 
a  toleration  for  the  drug  which  they  transmit  to  their 
progeny.  The  goal,  therefore,  became  the  discovery  of 
a  drug  which  in  a  single  dose  would  destroy  all  the  para- 
sites, leaving  the  host  uninjured,  and  this  extraordinary 
achievement  apparently  is  accomplished  by  "G06." 


EIIRLICll's     TllKlfAl'lA     STKUILISANS     MAGNA 

The  druo;  haviMi;  lit'oii  proved  by  repeated  testn  on 
animals  to  be  without  injurious  effect  it  was  next  tested 
on  human  hein*;s.  The  first  to  submit  to  inoculation 
were  the  assistants,  since  which  time  several  thousand 
persons  sutrerin*^  from  various  forms  and  conse(|uences 
of  syphilis  have  been  treated. 

The  reports  which  are  appearinoj  at  present  in  |)racti- 
cally  every  numl)er  of  the  important  German  medical 
weeklies  from  different  parts  of  Germany  and  Austria 
are  almost  unanimous  in  their  testimony  to  the  remarka- 
ble effects  of  the  drug  in  syphilis.  In  all  but  a  few  excep- 
tional instances  a  single  dose  of  the  drug  has  sufficed  to 
bring  about  a  rapid  disappearance  of  the  lesions  of 
syphilis  and  equally  rapid  improvement  in  the  general 
condition  of  the  })atients.  In  the  few  instances  in  which 
these  rapid  effects  were  not  achieved  the  dose  of  the  drug, 
which  was  originally  given  was,  as  is  now  established,  too 
small,  and  in  manv  of  these  cases  a  second  and  larger 
injection  Ijas  brought  about  the  desired  result.  It  is 
noteworthy  that  in  many  instances  the  patients  who  have 
improved  rapidly  after  an  injection  of  this  drug  had 
resisted  the  application  of  mercury  sometimes  over  many 
months,  or  possessed  idiosyncracies  which  made  the  use 
of  mercury  difficult  or  impossible.  Thus  far,  a  special 
idiosyncracy  against  the  drug  has  not  come  under  notice. 
It  is  as  yet  too  early  to  determine  whether  the  patients 
who  have  responded  so  rapidly  and  perfectly  to  the  ad- 
ministration of  the  drug  as  apparently  to  have  been 
cured  of  this  otherwise  chronic  disease  b}'  a  single  injec- 
tion may  ultimately  suffer  relapses.  On  the  other  hand 
many  scores  of  patients  have  shown  no  relapses  in  the 
several  months  which  have  elapsed  since  the  injections. 
"What  is  highly  important  in  the  interests  of  prophy- 
laxis is  that  within  twenty-four  or  forty-eight  hours  of 
the  injection  of  the  drug  superficial  lesions,  such  as  mu- 
cous patches,  condylomata  and  primary  lesions  are  freed 
from  living  spirochetes.  This  remarkable  effect  of  the 
drug  on  the  parasites  can  be  readily  demonstrated  on  the 
testicular  spirochetal  lesions  of  the  rabbit,  in  which  the 
innumerable  spirochetes  can  be  entirely  immobilized 
\vithin  twentv-four  hours  with  a  single  injection  of  the 
drug,  after  which  the  lesion  quickly  resolves. 


ADM  IMS'li;  ATIOX    ()!•'    'I'm:    l)l{[J(} 

The    clii'iiiiciil    niiiiic    of    "()0()''    is    parjidininidoflioxv 
jirsciiolx'ii/.olc  (I  ili\(l  I'd'-liloi'id. 

AI.KAI.INI']  S\l/r 

As=As 


H,N  \/        \/  NHo  H,N 

ONa 

ACID   SALT 

As    As 


CIH.H2  N  \/  \/  NH2.HCI 

OH  OH 

The  substance  is  a  yellowish  powder  which  rapidly  oxy- 
dizes  on  exposure  to  air,  and  is  therefore  put  up  in  vac- 
uum tubes.  It  dissolves  in  water  with  difficulty,  making 
a  strongly  acid  solution.  As  the  acid  solution  is  very 
painful,  the  substance  is  administered  either  as  a  neutral 
base  (Wechselmann)  or  as  an  alkaline  salt  (Alt).  The 
administration  is  by  injection  deep  into  the  muscles,  or 
into  the  veins  or  beneath  the  skin.  At  first,  the  adminis- 
tration was  made  either  deeply  into  the  muscles  of  the 
buttocks  or  into  the  circulation,  but  at  present  it  is  rec- 
ommended that  the  administration  be  made  subcutane- 
ously  according  to  the  method  of  Wechselmann. 

According  to  this  method,  the  drug,  in  a  dose  which 
has  varied  up  to  the  present  from  0.3  to  0.6  grams,  is 
dissolved  in  a  mortar  in  1  to  2  c.c.  of  ordinary  solution 
of  sodium  hydrate.  Acetic  acid  is  then  added,  drop  by 
drop,  until  the  base  precipitates  out  in  the  form  of  a  fine 
yellowish  suspension.  This  precipitate  is  collected  in 
from  1  to  2  c.c.  of  sterile  distilled  water,  and  there  are 
added  either  1/10  normal  sodium  hydrate,  or  1  per  cent, 
acetic  acid,  as  needed,  until  the  reaction  becomes  pre- 
cisely neutral  to  litmus.  According  as  the  reaction  is  or 
is  not  accurately  neutral  the  injection  will  be  followed 
by  much,  little  or  no  pain.  It  is  moreover  desirable  to 
subdivide  the  precipitate  as  finely  as  possible,  which  can 
be  done  by  rubl)ing.  The  suspension  is  then  drawn  into 
a  suitable  syringe  and  injected  subcutaneously  below  the 
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cre  and  sec- 

ment. 

general  erup- 

606;     7     c.c. 

ondaries. 

tion.     Serum. 

each  buttock. 
Methyl  a  1- 
cohol. 

KIIHMCIIS    "(KK5'    IN    SYrHII.IS 


Local  KITccl: 


Induration  for 
7  (lays,  sliKJit 
pain. 


Marked  indu- 
ration, 7  das. 
scaly  cryth(>- 
nia  of  hands 
and  foot. 

Induration  of 
buttocks  for 
7  days. 


Induration 
lasting  7  das., 
sli^lit  fever  2 
days. 


Marked  indu- 
ration .')  days, 
urticarial 
eruption  2 
days, 

Slifjht  indura- 
tion 4  days. 


M&Tked  indu- 
ration of  but- 
tocks 7  days. 


Slight  indura- 
tion. 


Induration    of 
buttock  5  das. 


Marked    indu- 
ration 7  days. 


I  nd  u  ration  7 
days. 


Condit  ion 

After 
Injection. 


Induration 
buttock 
days. 


Slight  indura- 
tion. 


I  n  d  u  r  ation  5 
days. 


No  improve- 
Mi  e  n  t  i  n  H 
weeks. 


S  1  i  K  h  t  '  i  m- 
proveinent  in 
a  weeks. 


After  8dys.  le- 
sions gone  on 
f  a  c  e,  and 
faint  on  body. 


r)0</r  improve- 
ment in  palms 
after  7  days. 
C  om  p  le  tely 
h  e  a  1  ed  in  1 
month. 

A  I)  p  a  r  e  n  1 1  y 
w  e 1 1  i  n  2  1 
days. 


Marked  rapid 
and  progres- 
sive improve- 
m  e  n  t .  L  e- 
sions  healed 
in  39  days. 

Sinuses  closed 
i  n  d  u  r  a  tion 
gone  and  le- 
sions of  light 
color  21  days. 

Marked  im- 
p  r  o  v  ement, 
lesions  gone 
in  2  weeks. 

Marked  im- 
p  r  o  v  em  ent. 
Lesions  dry 
and  faint  in 
14  days. 

Pain  and  swell- 
in  g  d  i  s  a  p- 
peared  in  8 
days. 


Face  and 
clear  i 
days. 


leg 


Chancre  gone, 
eruption  very 
faint;  21 
days. 


Marked  and 
rapid  i  m  - 
provement  in 
general  con- 
dition and  le- 
s  i  ons  in  10 
days. 

Erupiion  and 
sores  disap- 
peared in  10 
days. 


.Serum  Reaction. 

Remarks. 

G  IG 

'10  4-3.-5  days. 

Small  dose,  ro- 
sum(!d    mercury. 

fi  '10 

'10++29das. 

Small  dose,  re- 
sum<!d  mercury 
and  KI;  drug 
eruption. 

."i  23/10  4- 7  days. 

Left    hospital    5, 

24,  '10,  consider- 

ing himself  well. 

(J  o  u  1  d    not    be 

traced. 

fi'lO' 

'10-25  days. 

Regan  to  work  as 
orderly  in  hosp. 
6/6;  apparently 
cured  by  single 
injection.  See 
P  h  o  t  b  g  r  a  p  hs 
Figs.  1  and  2. 

6/28 

-  39  days .... 

Aborted  .=5  29; 
fetus  badly  mac- 
erated, could  not 
be  obtained  for 
examination. 

8/30 

—  3  mos.  11 

Gained  12  pounds. 

day 

s. 

No  recurrence  in 
3  m OS.  Photo- 
graph Figs.  3,  4. 

6/10 

-21  days.... 

Apparently 

cured. 

6/11 

—  19  days.... 

Apparently  cured 
by  single  injec- 
tion. 

Gain    in    weight. 

Left     hospital 

and  could  not  be 

traced. 

8/30 

—  3  mos 

No  recurrence  in 
3  mos. 

6  23 

-21  days.... 

Apparently  cured 
by  single  injec- 
tion. 

Great  improve- 

ment in  general 

condition.    Pho- 

tograph Figs.  .5, 

6.    Could  not  be 

traced    after 

leaving  hospital. 

6/30 

—  23  days.... 

Apparently  cur- 
ed ;  8  30  working 
as  longshore- 
man; has  gained 
30  lbs. ;  serum  — 

Left  hospital  and 

could  not  be 

traced. 
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shoulder  blades  after  previous  cleansing  and  disinfection 
of  the  part.  It  often  happens  that  there  is  slight  pain 
lasting  a  few  minutes  following  the  injection,  and  in 
some  instances  .i  slight  swelling  arises  on  the  second  or 
third  day  following  the  injection,  but  no  bad  effects  are 
produced.  There  may  be  slight  rise  of  temperature  and 
in  some  instances  an  urticarial  eruption  has  occurred, 
but  no  specific  toxic  effects  on  the  eyes,  kidneys,  or  nerv- 
ous system  have  been  observed. 

I'EUSOXAL  OBSERVATIONS 

Although  the  number  of  cases  to  be  reported  on  at 
present  is  small,  the  results  have  been  so  striking,  and 
are^  in  such  accurate  accord  with  the  several  thousands 
of  cases  reported  from  Germany  that  it  has  seemed  desir- 
able to  make  this  report,  especially  because  it  is  ])robable 
that  the  drus:  will  come  to  be  extensively  used  throughout 
the  United  States.  The  patients  were  all  in  the  City 
Hospital  on  Blackwell's  Island,  in  the  skin  and  venereal 
wards.  The  clinical  diagnoses  were  all  definite  and  im- 
mistakable,  and  the  serum  leactions  which  were  made 
regularly  were  conducted  with  the  Noguchi  modification 
of  the  Wassermann  method. 

In  injecting  the  preparation  into  the  first  two  patients 
considerable  ditliculty  was  experienced  in  getting  the 
powder  into  solution,  and  the  fnll  dose  of  0.3  gram  which 
it  was  intended  to  administer  was  therefore  not  given. 
As  we  now  know,  0.3  gram  is  a  submaxinuil  dose.  These 
patients  were  injected  before  the  method  of  Wechsel- 
mann  had  come  into  use,  and  even  before  the  earlier 
modification  of  the  original  "Alt"  method  of  preparation 
suggested  by  Ehrlich  had  been  published.  As  a  result 
no  marked  improvement  occurred  and  the  patients  were 
put  back  on  mercurial  treatment.  The  remaining  twelve 
received  the  full  dose  intended,  and  included  examples 
of  primary,  secondary  and  tertiary  lesions.  The  effects 
were  in  these  instances  truly  remarkable  and  now,  from 
three  to  four  months  after  the  injections  relapses  have 
not  been  observed  to  occur.  Before  the  treatment  the 
serum  reactions  were  all  positive  and  at  the  expiration 
of  the  time  mentioned,  in  all  the  patients  who  could  be 
traced,  they  have  become  negative.  Aside  from  the  tem- 
porary local  disturbance  caused  by  the  injection  in  some 
instances,  no  untoward  symptoms  were  observed,  except 
an  urticarial  eruption  in  two  of  the  cases.     Xone  of  the 
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patients  received  more  than  O.'A  gram,  which  is  about 
3nc-lialf  of  the  dose  now  heing  employed  al)road.  Hence 
it  would  not  be  surprising  if  in  this  first  group  relapses 
occurred.  If  so  it  would  be  both  safe  and  desirable  that 
a  second  and  larger  injection  be  given. 

The  efficiency  of  the  drug  is  dependent  in  part  on  the 
dose  employed.  Hata  has  permanently  cured  all  rabbits 
having  spirochetal  lesions  by  means  of  a  single  dose  of 
an  adequate  size.  We  have  found  that  when  the  dose  is 
too  small,  rclapsos  occur  in  the  infected  rabbits.     Hence 


V\g.  2. — ScaUng  s.vphilid  of  palms.  A.  K.  Condition  of  palms 
two  weeks  after  treatment  with  0U(>.  (See  photograph  before 
treatment.) 


now  that  it  has  been  determined  that  a  dose  of  O.G  gram 
is  non-toxic  for  human  beings,  it  is  probable  that  the 
average  dose  will  approach  that  quantity.  At  present, 
European  observers  are  employing  doses  varying  from 
0.45  to  0.6  gram. 

The  drng  is  not  generally  available  at  the  present  time. 
The  output  is  too  small  for  general  distribution,  and 
Ehrlicli  has  therefore  up  to  the  present  been  able  to  sup- 
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])ly  ii  fo  i-("l;ilivi!y  W'W  iliysicians,  wlioso  oiTiplDyinont  of 
it  liMs  iilso  Ix'cii  ill  the  nature  of  tests  of  its  value.  The 
iiual  woi'd  couceiMiiuir  its  vahie  will  not  of  course  he  said 
foi-  a  niiiiihei-  of  years,  hut  the  fact  remains  that  we  j)OS- 
sess  no  (lru<j:  the  extraordinary  effects  of  whicli  in  syj)h- 
ilis  ocjuals  that  of  "()()().■'  The  one  di-u*;  with  whicii  it 
may  he  compared  is  (|uinin,  which  in  many  instances  is 
so  highly  ellicieiit  in  the  treatment  of  malai'ia.  hut  even 
there  a  single  dose  docs  not  suffice  to  destroy  all  imme- 
diately   visihie   ])arasites,   as  does   an   adecfuate  dose   of 


Fig.  3. — Nodular  and  ulcerating  syphilid.  W.  C.  X.,  date  of  luetic 
infection.  October.  1901).  Kupial  and  fungating  lesions  of  face  and 
arms  of  six  months'  duration.  May  19.  1910,  received  0.3  gm.  606. 
Wassermann  before  treatment,  ++  ;  Aug.  30,  1910,  negative.  (See 
photograph  after  treatment.) 


PART  II.     THE  USE  OF  "606"  FR0:M  THE   STANDPOINT 
OF    THE    CLINICIAN 

Personal  experience  in  the  treatment  of  syphilis  has 
convinced  us  that  mercury  given  in  the  early  stages  in 
as  large  doses  as  the  system  will  tolerate  insures  the 
patient  more  certainly  against  relapses,  and  that  patients 
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who  are  treated  by  small  doses  over  long  periods  of  lime 
in  the  manner  which  is  still  too  often  employed  by  even 
the  best  known  syphilooraphers  sometimes  develops  in 
the  patient  thns  treated  an  immunity  to  the  dru^:  which 
renders  it  comparatively  inert.  This  latter  class  of 
])atients  not  infrequently  become  the  subjects  of  obsti- 
nate relapsing  lesions  of  the  skin  and  mucous  membrane 
or,  later,  the  victims  of  paresis,  tabes,  or  other  visceral 
or  bone  affections.    Professor  Ehrlich's  contention,  there- 


Fig.  4. — Nodular  and  ulcerating  syphilid.     W.  C.  N.     After  treat- 
ment with  «JU6.      (See  photograph  before  treatment.) 


fore,  as  to  the  value  of  a  drug  which  at  one  dose  destroys 
the  invading  organism  is  sujiported  by  clinical  experi- 
ence in  the  use  of  mercury.  It  is  true  that  the  methods 
of  administering  the  latter  have  been  greatly  improved 
in  the  last  few  years,  as  is  witnessed  by  the  greater  fre- 
quency with  which  it  js  employed  hypodermically  and  by 
inunction,  but  our  present  means  are  still  too  often  slow 
or  inefficient  in  their  action  especially  in  the  early 
stages.     Delav  or  insufficiencv  in  the  amount  of  mer- 


ID 


ciii'v  ;il  \\\\<  iiiiic  jx'i'miis  llic  (iilirc  syslciii  to  hccoiiuj 
iiircclcd  1)\  I  he  'rrcjioiu  nui  jKillldinii  niid  (hinin^ic  In  tin; 
l»I(M)(l-v('ss('ls  or  iiii|)()iliml  sti'uctiires  takes  jjlacc  which 
niii;hl  he  prcN ciilcd  hy  ciici'^-ctic  treatment.  It  will  licii- 
ci'allv  he  conceded  hy  ))hysieians  wlio  come  in  contact 
with  a  lai\n-e  niimher  of  sypliilitics  tliat  while  mei-cury 
and  potassium  iodid  are  ellicient  in  the  <(reat  majoi'ity 
of  cases  in  controlling-  the  manifestations  of  tlie  disease, 
there  are  c(M'tain   inti'aetahle  eases  in   which   thev   fail   to 


Fig.  5. — Multiple  chancres.  J.  S.  (".,  infection  two  months  ago. 
Two  chancres  on  upper  lip  and  one  on  lower  in  median  line; 
papulo-erj'thematous  eruption  on  hodj-.  June  2,  1910,  0.3  gm.  OOU. 
Wussermann  before  treatment,  ++.  (See  photograi)h  after  tr«'at- 
ment.) 


control  the  symptoms  either  on  account  of  idiosyncrasy 
to  one  or  both  of  these  drugs  or  other  causes.  Furtlier- 
more,  owing  to  the  length  of  time  required  in  treating 
a  case  of  this  infection  patients  often  become  discour- 
aged and  cease  medication  after  a  few  months  or  a  year 
or   two.     The   great  advance   made   in   controlling  the 


k; 


treatment  by  the  Wasserinann  reaction  cannot  be  loo 
strongly  enipliasized,  showing  as  it  does  that  in  the  past 
some  patients  may  liave  been  greatly  overtreated  wliile 
the  majority  have  received  too  little  of  the  specific  drugs. 
It  is  well  known  that  there  are  certain  cutaneous  and 
general  manifestations  of  syi)hilis  which  respond  slowly 
or  not  at  all  to  mercury  even  in  heroic  doses.  Among 
these  may  be  mentioned  certain  scaling  syphilids  of 
the  palms,  chronic  nodular  syphilids  in  patches  of  the 


Fig.   6. — Multiple  chancres.    J.   S.   C.    After   treatment  with  GOG. 
(See  photoyraph  before  treatment.) 

type  which  clinically  resembles  lupus  vulgaris,  certain 
forms  which  affect  the  flush  area  of  the  face  and  bear 
a  marked  clinical  resemblance  to  lupus  erythematosus; 
also  mucous  membrane  affections  like  leucoplakia, 
chronic  interstitial  glossitis  and  relapsing  deep  and  super- 
ficial lesions  of  the  tongue  and  throat.  Aside  from  these 
lesions  which  are  under  direct  observation  there  are  the 
so-called    parasyphilitic   manifestations,    such   as   tabes, 
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tin-  (rciiliiicnl  of  w  liicli  Itv  the  cljHsic;!!  (Irii<rs  loaves  iiiucli 
to  ')('  desired.  In  iiialij^iunit  sy])liilis  with  early  destrue- 
live  lesions  and  the  development  of  ])roround  eaeliexia, 
niereurv.  moreover,  ol'lcn  fails  to  do  irood  and  not  infrc;- 
(|ii('iill\-  d(t(S  harm.  W'lien,  llK'i-el'orc,  Dr.  {''Icxnci-,  of 
the  IJoekefeller  Inslituie,  in  \\ni  early  part  ol"  .May,  this 
year,  received  a  supi)ly  of  the  lu.'W  pre])aratioii  "GOG"  and 
asked  to  ho  allowed  to  try  it  in  a  uinnber  of  selected 
cases  in  the  City  Hospital,  the  proposition  was  received 
with  favor  and  the  patients  in  the  skin  and  venereal 
wards  were  ])laced  at  his  disposal.  xVt  that  time  the 
experience  in  the  nse  of  the  drug  had  1)een  rather  limited 
and  the  patients  who  were  treated  were  carefully  selected 
as  free  from  organic  disease  of  the  kidneys,  heart  or 
eyes;  in  fact,  all  the  contraindications  for  the  use  of  the 
drug,  as  stated  by  Prof.  Ehrlich,  were  carefully  observed. 
The  patients  were  also  informed  that  a  new  drug  was 
al)out  to  be  em])loyed  which  would  cause  them  a  con- 
siderable amount  of  pain  and  was  yet  in  the  experi- 
mental stage.  There  was  no  difficulty  in  obtaining  their 
consent,  and  the  most  striking  testimony  as  to  its  value 
in  the  treatment  of  obstinate  cases  of  lues  was  fur- 
nished by  other  patients  in  the  wards,  who  on  seeing 
the  results  accomplished  by  its  use  repeatedly  asked  that 
it  be  given  to  them. 

The  rapid  action  of  arsenobenzol  in  cases  of  ol)stinate 
syphilis  of  the  palms  is  strikingly  illustrated  in  Figures 
l'^  and  2. 

Patient,  aged  32,  had  a  genital  chancre  three  years  before, 
which  was  followed  by  the  usual  secondary  symptoms.  Fol- 
lowing his  infection  he  had  taken  medicine  in  ''liquid  and 
capsule"  form  almost  continuously.  The  eruption  on  his 
hands  was  of  one  year's  duration.  The  Wassermann  reaction 
was  strongly  positive.  On  May  16,  1910,  he  received  0.3  gm. 
"006."  Two  weeks  afterward  his  palms  presented  the  appear- 
ance shown  in  Figure  2  and  in  another  fortnight  he  was  en- 
tirely   well. 

The  result  obtained  by  the  use  of  "606"  in  this  case 
was  far  more  rapid  than  any  which  we  have  seen  after 
the  nse  of  mercury.  Furthermore,  after  an  apparent  cure 
from  mercury  in  these  cases  of  chronic  palmar  sy])hilis 
the  majority  relapse  within  a  few  weeks  to  a  month  or 
two,  whereas  this  patient  had  had  no  recurrence  up  to 
September  first  and  the  Wassermann  reaction  has  re- 
mained negative. 
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In  till'  lase  of  iiiiiltipU'  initial  lesions  of  tlie  lip  (Fi^r- 
iires  5  and  G)  of  two  niontlis'  duration,  with  secondary 
manifestations  of  the  skin,  complete  resolution  of  the 
chaneres  took  place  within  about  ten  days,  leaving  prac- 
tically no  evidence  of  their  former  existence.  The  en- 
tire appearance  of  the  patient,  too,  underwent  a  marked 
change,  as  before  treatment  he  was  anemic,  depressed, 
and  evidently  showint>-  considerable  constitutional  dis- 
turbance from  his  infection.  The  great  improvement 
which  took  j)lace  in  his  general  condition  after  the  injec- 
tion continued  up  to  the  time  he  left  the  hospital.  The 
Wassermann  reaction  at  that  time  was  negati.ve.  The 
duration  of  the  initial  sclerosis  under  mercurial  treat- 
ment is  a  very  variable  one.  It  is  unusual,  however,  to 
obtain  complete  resolution  under  several  weeks  to  two  or 
three  months;  in  fact,  the  induration  sometimes  persists 
for  a  year  or  longer.  As  these  extragenital  initial  le- 
sions are  a  source  of  great  mental  distress  to  the  patient 
and  one  of  danger  to  his  environment,  their  rapid  retro- 
gression under  this  remedy  surpassed  the  result  which 
could  have  been  expected  from  mercury. 

Figures  3  and  4  illustrate  a  rather  malignant  form 
of  eruption  which  occurred  less  than  one  year  after 
infection : 

Patient,  aged  24,  contracted  syphilis  in  October,  1909.  A 
montli  later  a  pustular  eruption  appeared  lirst  on  his  face 
and  tlien  on  the  body.  The  lesions  become  rupial  and  after- 
wartl  assumed  a  fungating  type.  He  also  suiiered  from  sore 
throat,  headaches  and  osteocopic  pains.  From  October  up  to 
the  time  he  entered  the  hospital  he  had  taken  mercury  in 
pill  form.  On  May  19,  1910,  he  received  0.3  gm.  "606."  There 
was  a  perceptible  change  after  a  week;  the  patient's  general 
condition  improved  and   in  two  weeks  he  gained  9  pounds. 

This  form  of  early  malignant  syphilis,  which  indi- 
cates low  resisting  power  on  the  part  of  the  infected 
individual,  sometimes  fails  to  respond  to  mercury.  The 
almost  magical  result  wdiich  followed  the  use  of  "606" 
is  illustrated  in  Figure  4  which  was  taken  about  two 
Aveeks  after  the  administration  of  the  drug.  Up  to 
September  1  the  patient  had  remained  well  and  showed 
a  negative  Wassermann  reaction. 

The  cases  just  referred  to  are  examples  of  the  most 
brilliant  results  obtained.  In  the  table  additional  data 
are  given  bearing  on  the  other  cases  which  were  treated 
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ill  lilt'  City  Ilospilnl.  'riinmiili  llic  kindness  of  I)i'. 
J'^lcxncr,  we  have  hccii  ahlc;  in  ilic  past  iiioiitli  to  secure 
a  siiHicieiit  <|iiantity  of  llie  remedy  to  ti'cat  s(ivei"al  pri- 
vate patients  who  are  still  under  observation;  tli(.'  eases 
will  he  I'epoited  in  ^rrcater  detail  later.  One  of  these 
was  a  ease  of  i-apidly  ])i-o<.';ressin<(  optic  neuritis  witli 
tahetic  symptoms,  the  result  of  a  specific  infection  twenty 
years  before : 

Patient,  icfencd  by  J)r.  Marks  of  Frankfoit .  was  ;i  man, 
a«;('(l  :{S.  ill  w  iioiii  it  was  noticed  two  and  a  half  years  a«;o 
that  his  pupils  wore  smaller  than  normal.  Sliortly  afterward, 
he  developed  a  dipl()i)ia  which  was  diagnosed  by  the  ophtlial- 
mologist  as  paralysis  of  the  right  abdiicens  and  be<iinninfi 
atrophy  of  the  optic  nerve.  From  that  time  until  Aujiust  1 
he  had  been  under  active  mercurial  treatment  but  without 
benefit.  His  vision  since  April,  1910,  has  been  rapidly  dimin- 
ishing and  he  has  concentrically  contracted  field,  Argyll- 
Robertson  pupil  and  partial  atrophy  of  both  optic  nerves. 
Although  we  recognized  that  aflfections  of  the  optic  nerve  are 
given  as  a  theoretical  contraindication  to  the  use  of  "G06," 
still  at  the  urgent  solicitation  of  the  patient  and  his  friends 
the  drug  was  administered,  but  he  was  told  beforehand  that 
very  little  result  was  to  be  hoped  for.  A  dose,  0.45  gm.,  was 
prepared  after  the  method  of  Wechseliliann  and  injected  be- 
neath the  right  shoulder  blade.  This  was  followed  by  severe 
pain  which  persisted  for  three  or  four  days  and  had  to  be  con- 
trolled by  several  hypodermics  of  morphin.  On  the  second 
day,  a  marked  swelling  appeared  at  the  site  of  injection  which 
began  to  resolve  at  the  end  of  a  week.  At  no  time  was  there 
any  evidence  of  softening.  The  patient's  temperature  rose 
slightly  on  the  second  day  reaching  100.4  F. ;  his  pulse  was 
rather  high  for  the  first  w'eek  varying  from  90  to  110  and  he 
developed  considerable  physical  w^eakness.  Although  little 
result  w^as  expected  from  the  drug  in  this  case,  the  patient  is 
under  the  impression  that  the  rapid  progress  of  the  disease 
has  been  arrested. 

In  tbe  following  case  of  cerebral  syphilis  an  improve- 
ment took  place  in  some  of  the  symptoms  which  mer- 
cury and  other  medication  had  failed  to  influence: 

Patient  was  a  man,  aged  38,  whose  infection  dated  back 
six  years.  In  February,  1910,  the  neurologic  examination 
made  by  Dr.  M.  G.  Schlapp  was  as  follows:  "Pupils  unequal, 
the  right  being  larger;  they  react  to  light,  not  to  accommoda- 
tion— very  nearly  Argyll-Robertson  condition.  Speech  thick, 
not  trul}'  scanning.  (General  involvement  of  the  muscles  of 
the  pharnyx,  tongue  and  face  on  right  side;  anesthesia  in 
the    same    area.      Partial    paralysis    in    the    right    leg.      Foot 
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dragged  in  walking;  weakness  in  the  leg  is  suffiefent  to  pre- 
vent standing  on  it.  liabinski  sign  pronoiniced;  clonus  in 
both  knee  and  ankle,  the  whole  leg  anesthetic."  In  spite  of 
vigorous  mercurial  and  iodin  medication  there  occurred  an 
increase  in  symptoms  and  area  involved  in  dune,  1910,  while 
staying  in  Enghiud.  Tlie  patient  lost  consciousness  on  several 
occasions;  lie  also  liad  facial  paralysis  complete  for  a  time 
on  the  right  side.  Both  legs  devclupfd  weakness  and  anes- 
thesia (patient's  statement).  A  simihir  attack  occurred  in 
July,  1910,  after  a  slight  improvement,  again  involving  hotii 
legs  and  right  sitle  of  the  face.  Incontinence  of  urine  marked. 
Under  43  injections  of  a  mercury  arsenalate,  20  inunctions 
and  a  daily  dose  of  A  grams  of  sajodin.  rest  and  hydrotherapy, 
sufficient  improvement  occurred  to  enable  the  patient  to  get 
about. 

On  August  31  he  was  given  an  injection  of  0.45  gm.  '(lOd" 
subcutaneously.  A  Wassermann  reaction  on  this  day  was 
positive.  Absolutely  no  pain  folhnved  this  injection,  nor  were 
any  impleasant  ellects  of  any  kind  experienced  excei)t  the 
induration  which  persisted  for  ten  days.  Improvement  was 
noted  on  the  day  following  the  injection  and  he  left  the  hos- 
pital on  the  second  day,  remaining  in  bed,  however,  in  liis 
home  for  two  or  three  days  longer.  On  the  day  succeeding 
the  injection  the  patient  stated  that  the  mental  depression 
from  which  he  sutlered  weeks  before  had  become  materially 
less,  his  facial  paralysis  showed  improvement  and  his  speech 
disturbance  was  less  marked. 

A  second  examination  made  by  Dr.  Schlapp  on  September 
9,  nine  days  after  the  injection  of  "OOO"  is  as  follows:  "Pupils 
in  same  condition  as  at  first  examination.  Incontinence  has 
ceased.  Paralysis  of  face  and  speech  muscles  has  improved; 
anesthesia  the  same  as  at  first  examination.  Right-sided 
sweating  of  the  face,  neck  and  u])per  ])art  of  tlie  trunk.  Both 
legs  show  Babinski  sign,  ankle  and  knee  clonus,  indicating 
extension  of  the  process  since  February,  There  is,  however, 
a  noticeable  decrease  in  anesthesia  and  muscular  Aveakness. 
Diagnosis:  Syphilitic  obliterating  endarteritis  of  the  base, 
involving  both  pyramidal  tracts  and  the  sympathetic." 

The  patient  was  kindly  referred  by  Dr.  James  C. 
Johnston,  under  whose  care  he  is  at  present.  A  further 
report  will  be  made  at  a  later  date.      (September  21, 

Wassermann  reaction  still  -| .)     The  absence  of  pain 

in  this  case  was  probably  due  to  greater  experience 
and  care  in  preparing  the  remedy.  Jit  is  important 
to  emphasizs  the  necessity  of  thoroughly  rubbing  the 
precipitate  which  follows  the  addition  of  acetic  acid  to 
the  caustic  soda  solution  until  a  homogeneous  paste  is 
obtained.      The   neutralization    of   the    mixture    should 
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jlifii    follow    ;iii(l   llu'  l.'.lcsl    Iccliiiic  as  </\\v\]   by   Wccliscl- 
niaiiii'   ohsri'vcd. 

The  (iiicslion   of   (liiiiLiri-    in    llic   use  of   tli(!   new   (\n\<r 
is  one  llial  should  he  touched  on.     It  woidd  Ix;  a  inarv(d 
siioiild   a  dini;-  so  polciil  as  this  one  in  tlie  destruction 
of  lixiiii;  |)arasit('s  within  tlio  l)ody  he  wliolly  devoid  of 
injurious  or  siM'ondary  ell'ects  on  tlie  organs.     We  pos- 
sess indeed  no  really  ])liarinacologically  active  drug  for 
whicli   there   may   noi    exist  contraindications  and   from 
which  secondary  and  ohjectionable  effects  have  not  been 
noted.     Certainly  neither  mercury  nor  iodid  of  potas- 
sium form  exceptions  to  this  rule.    The  remarkable  fact 
about  ''60G''   is   Ihat  in  the  several   thousand  cases  in 
which  it  has  already  been  em])loyed,  and  considering  the 
wretched  physical  state  in  which  many  of  the  patients 
were  at  the  time  of  the  injection,  so  very  few  untoward 
effects  have  occurred.     It  is  now  clear  that  the  mode  of 
administration  is  important,  and  especially  the  elimina- 
tion of  the  methyl  alcohol  used  at  an  early  period  to  dis- 
solve the  drug,  since  this  substance  may  produce  unpleas- 
ant if  temporary  symptoms,  as  in  the  three  cases  re- 
ported by  Bohac  and  Sobotka.-     The  result  in  a  case  of 
Hoffmann's'^  in  wdiich  a  central  embolic  pneumonia,  ter- 
minating in  recovery,  followed  an  intragluteal  injection, 
was  probably  analogous  to  the  condition  of  the  lungs 
which  may  follow  from  an   intramuscular  injection  of 
insoluble  mercurial  salts  when  the  needle  has  inadvert- 
ently penetrated  a  vein.     Ehrlich  has  warned  against 
the  administration  of  the  drug  to  weak  patients  suffering 
from  advanced  cardiovascular  disease,  and  the  wisdom 
of  this  precaution  has  been  emphasized  by  the  two  acci- 
dents  encountered   at   the   Charite   in   Berlin   and   the 
neuroloojic    clinic    at    Bonn.      Ehrlich    further    warns 
against  the  use  of  the  drug  in  cases  in  w^hich  lesions  of 
the  optic  nerve  exist,  and  urges  that  in  doubtful  cases 
an  ophthalmologic  examination  be  made.      Finally,   it 
has  just  been  announced  that  a  further  improvement  in 
the   preparation   of   "GOG"   has   been   made  which   still 
further  reduces  the  toxicity — indeed  it  is  stated  to  be 
one-third  that  of  the  older  substance.    To  this  prepara- 
tion Ehrlich  has  given  the  name  "hyperideal." 


1.  New  York  Med.  Jour.,  Sept.  3.  1910,  p.  449. 

2.  Wion.  klin.   Wchnschr.,  .Tuly  28.   1010. 
3    M(Ml.    Klin..   Auk.   14,    1910,   p.   1291. 
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From  tlie  collective  reports  of  those  who  have  used 
tlie  dvw^  the  impression  is  gaining  that  we  have  in 
arsenohenzol  a  most  thorough  agent  in  controlling  the 
manifestations  of  syphilis  wliich  are  caused  by  the  pres- 
ence of  the  treponema.  It  may  reasonably  be  hoped^ 
therefore,  that  all  the  lesions  which  depend  on  the  pres- 
ence of  the  organism  will  be  favorably  influenced  and 
the  most  we  can  expect  in  the  secondary  degenerative 
changes  is  that  the  })rocess  may  become  arrested.  Further 
experience  with  the  drug  will  determine  with  more  accur- 
acy the  dose  which  is  necessary  to  bring  about  a  cure, 
the  time  that  must  elapse  before  a  second  dose  can  be 
safely  given  and  the  more  definite  indications  for  its 
use  after  relapses  or  failure  of  a  single  dose  to  control 
the  symptoms. 

The  authors  desire  to  aeknowled<?e  the  courtesy  of  ])r. 
Robert  H.  Greene  and  Dr.  Eugene  Fuller  in  placing  certain 
patients  at   their  disposal. 
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GRAFT  OF  THE  VENA  CAVA  ON  THE  ABDOMINAL 

AORTA. 

BY  ALEXIS  CARREL,  M.D., 

OF    NEW   YORK. 

(From   the   Laboratories   of   the   Rockefeller    Institute   for   Medical 

Research.) 

I.  Introduction. — The  operation  consisted  of  transplant- 
ing between  the  cut  ends  of  the  abdominal  aorta  a  segment  of 
vena  cava.  Its  purpose  was  to  study  the  details  of  the  technic 
of  the  graft  of  a  large  vein  on  the  aortic  trunk  and  its  remote 
results.  It  is  important  to  know  whether  venous  segments 
can  replace  parts  of  the  aorta  as  successfully  as  parts  of  smaller 
arteries,  the  carotid  for  instance.  Five  years  ago,  I  advo- 
cated the  use  of  venous  grafting  in  the  treatment  of  aneurisms 
and  of  certain  traumatic  lesions  of  arteries.^  It  was  warranted 
by  the  results  of  experiments  that  I  had  performed  in  1902 
in  Lyons  with  Morel  ^  and  in  1905  in  Chicago  with  Guthrie.^ 
These  experiments  had  shown  that  arteriovenous  anastomoses 
made  with  a  proper  technic  remain  normal,  and  that  a  vein, 
transplanted  on  an  artery,  reacts  against  the  increase  of  blood- 
pressure  by  thickening  its  wall.  They  demonstrated  that  veins 
can  be  safely  grafted  on  arteries.  At  this  time,  it  was  believed 
that  the  successful  arterial  transplantation  of  a  vein  was  not 
possible.  Exner  *  had  attempted  several  times  to  graft  a  seg- 
ment of  jugular  vein  on  the  carotid  artery.  The  vein  always 
became  occluded.  The  results  of  Hoepfner  *  and  of  Goyanes  ^ 
had  also  been  negative.  Payr  ^  concluded  that  thrombosis  was 
due  to  the  action  of  the  arterial  blood-pressure  on  the  thin 
venous  wall,  and  that  this  biological  factor  rendered  impos- 
sible the  success  of  a  venous  transplantation.  A  short  time 
afterwards,  I  was  able  to  repeat  these  experiments  at  the 
University  of  Chicago.  I  found  immediately  that  the  throm- 
bosis obsers^ed  by  previous  experimenters  was  not  due  to  a 
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biological  but  merely  to  a  surgical  cause,  and  that,  with  a 
proper  technic,  positive  results  could  easily  be  obtained.  Our 
experiments  of  1905  and  1906  showed  that  arteriovenous 
anastomosis  remained  normal  after  twenty  months.  They 
also  permitted  the  study  of  anatomical  modifications  of  the 
venous  wall  under  the  influence  of  the  increased  blood-pressure. 
Eight  months  after  the  graft  of  a  segment  of  jugular  on  the 
carotid,  the  circulation  was  found  to  be  normal  through  the 
vein,  the  wall  of  which  had  become  as  resistant  as  an  arterial 
wall.®  It  was,  therefore,  certain  that  veins  followed  the  law 
of  adaptation  of  organ  to  function,  and  that  they  could,  when 
they  were  compelled  to  do  so,  play  the  role  of  arteries.  In 
other  experiments,  made  in  1907  and  1908  at  the  Rockefeller 
Institute,  I  was  able  to  follow  more  closely  the  histological 
evolution  of  segments  of  jugular  vein  transplanted  on  the 
carotid,  and  observe  that  twenty  months  after  the  operation  the 
venous  segment  was  still  in  excellent  condition. 

These  results  have  been  confirmed  by  other  experimenters 
in  America  and  Europe.  In  1907,  in  the  laboratory  of  Har- 
vey Gushing  at  Johns  Hopkins  University,  Watts  ^  performed 
several  times  the  graft  of  a  segment  of  jugular  vein  on  the 
carotid  artery.  He  found  that  the  vein  adapted  itself  to 
arterial  function.  Stich,^^  during  the  experiments  made  in 
1907  and  1908  in  the  Klinik  of  Garre,  was  able  to  follow  the 
evolution  of  a  venous  segment  grafted  on  a  carotid  artery 
for  409  days.  Fischer  and  Schmieden  ^^  also  obtained  positive 
results.  In  1909,  at  the  Pasteur  Institute,  Frouin  ^^  per- 
formed some  arteriovenous  anastomoses  which  became 
occluded  after  a  few  months.  He  did  not  realize  that  the 
occlusion  was  due  to  his  defective  technic,  and  concluded  that 
it  was  the  normal  evolution  of  the  anastomoses. 

The  information  given  by  these  experiments  has  been  used 
only  twice  in  human  surgery.  Goyanes  performed,  in  1906, 
an  incomplete  transplantation  of  the  popliteal  vein  on  the 
popliteal  artery  after  extirpation  of  an  aneurism,  and  his 
patient  recovered.  In  1907  in  a  case  of  axillary  aneurism. 
Lexer  ^^  performed  a  graft  of  a  segment  of  saphenous  vein, 
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but  his  patient,  whose  general  condition  was  very  bad,  died 
after  a  short  time.  On  human  beings,  the  technic  of  the 
arteriovenous  anastomoses  is  easier  than  on  dogs.  They 
should  be  as  successful,  if  they  are  performed  with  a  proper 
technic  and  when  the  anatomical  conditions  of  the  artery 
allow  it. 

From  an  experimental  stand-point  the  transplantation  of 
venous  segments  can  yield  excellent  results,  even  after  a  long 
time,  when  the  operation  is  performed  on  dogs'  carotid  arter- 
ies. It  is  important  to  know  whether  these  results  will  be 
different  in  case  of  larger  and  more  friable  vessels  in  which 
the  blood-pressure  is  higher. 

II.  Technic  and  Experiments. — The  animals  were 
etherized  and  their  abdomens  opened  by  a  transverse  semicir- 
cular laparotomy.  The  graft  of  the  vena  cava  to  the  aorta 
was  composed  of  four  stages. 

1.  Extirpation  of  a  Segment  of  Vena  Cava. — At  a  short 
distance  below  the  mouth  of  the  renal  veins,  the  vena  cava  was 
dissected  and  isolated  between  two  ligatures.  A  venous  seg- 
ment very  much  longer  than  the  arterial  segment  to  be  replaced 
was  resected.  It  was  then  washed  in  Locke's  solution,  and 
deposited  in  a  jar  of  vaseHne. 

2.  Temporary  Hccmostasis,  Section,  and  Resection  of  the 
Aorta. — The  abdominal  aorta  w^as  dissected  at  the  level  of  the 
genital  arteries.  The  lumbar  collateral  branches  were  forci- 
pressed  or  ligated.  Between  two  Crile  forceps,  a  long  segment 
of  aorta  was  isolated  and  a  small  part  of  it  resected.  As  soon 
as  the  aorta  was  cut,  the  blood  was  washed  out  by  an  injection 
of  Locke's  solution.  The  vessel  and  the  operative  region 
were  covered  with  vaseline,  and  isolated  from  the  surrounding 
structures  by  black  Japanese  silk  towels. 

3.  Graft  of  the  Vena  Cava. — The  venous  segment  was  re- 
moved from  its  jar,  and  interposed  between  the  cut  ends  of  the 
aorta,  after  the  vaseline  had  been  expressed  from  its  lumen. 
The  anastomoses  were  made  by  the  ordinary  method.  Straight 
Kirby  needles,  No.  16,  and  fine  silk  threads,  sterilized  in  vase- 
line, were  used.     The     ends  of  the  vessels  were  united  by 
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three  retaining  stitches  and  a  continuous  through-and-th rough 
suture.  As  the  diameter  of  the  vena  cava  was  larger  than 
the  diameter  of  the  aorta,  the  cahbre  of  the  vena  cava  was 
progressively  reduced.  This  could  be  done  easily  by  leaving 
a  larger  distance  between  the  stitches  on  the  vein  than  on  the 
artery.  In  order  to  secure  an  accurate  approximation  of  the 
internal  surfaces  and  a  narrow  scar,  the  edge  of  the  vein  was 
slightly  eversed,  the  stitches  were  as  loose  as  possible,  and  great 
care  was  taken  not  to  include  any  connective  tissue  in  the  line 
of  suture. 

4.  Rc-estahlisluiient  of  the  Circulation. — The  Crile  forceps 
placed  on  the  lower  end  of  the  aorta  was  removed,  and  the 
blood  entered  the  grafted  segment.  The  sutures  and  the  liga- 
tures of  the  collateral  branches  of  the  vena  cava  were  exam- 
ined. The  anastomoses  were  slightly  compressed  with  dry 
gauze  pads.  The  upper  forceps  were  removed  and  the  circu- 
lation re-established.  After  an  arteriovenous  anastomosis, 
the  lines  of  sutures  leak  more  or  less  for  a  few  minutes,  after 
which  the  hemorrhage  stops  spontaneously.  If  after  two  or 
three  minutes  there  is  still  some  hemorrhage,  one  or  two 
stitches  are  added.  The  operation  must  not  be  ended  before 
it  is  certain  that  not  a  drop  of  blood  is  oozing  from  the  lines  of 
suture.  When  the  condition  of  the  circulation  was  normal, 
the  operation  was  completed  by  suture  of  the  lumbar  peri- 
toneum and  the  closing  of  the  abdominal  section  by  four  or 
five  planes  of  suture.  The  animals  were  dressed  and  after  a 
few  hours  allowed  to  walk  and  eat  as  usual. 

Three  experiments  were  performed  on  two  cats  and  one 
dog. 

Experiment  i:  Transplantation  of  a  segment  of  vena  cava  between  the 
cut  ends  of  the  abdominal  aorta. 

Large  yellow  male  cat.  July  10,  1907.  Dissection  of  the  vena  cava 
below  the  renal  arteries.  A  segment  three  centimetres  long  is  extirpated. 
Resection  of  the  right  kidney.  Dissection  and  section  of  the  aorta  a 
few  centimetres  below  the  renal  arteries.  Graft  between  the  ends  of  the 
segment  of  vena  cava.  July  15:  Cat  in  normal  condition.  Normal  pul- 
sations of  the  femoral  arteries.  October  i :  Cat  in  excellent  health.  No 
change  in  the  femoral  pulse.  April  15,  1908:  Femoral  pulse  normal. 
Cat  slightly  ill.     April  25 :  Cat  is  sick.     Femoral  pulse  normal.     May   I, 
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1908:  Pulse  has  disappeared.  Animal  walks  normally.  May  8:  The 
animal  is  very  sick.     No  femoral  pulse.     Killed  by  chloroform. 

Autopsy. — Pyelonephritis,  with  perinephritic  abscess.  Obliteration  of 
the  transplanted  segment  by  a  clot  of  recent  formation  which  is  adherent 
to  the  wall.  The  aorta  above  and  below  the  transplanted  segment  is  nor- 
mal. The  calibre  of  the  segment  is  almost  the  same  as  it  was  at  the  time 
of  the  operation.  There  is  no  sclerosis  of  the  surrounding  connective 
tissue.  The  venous  wall  is  about  the  same  thickness  as  the  aortic  wall. 
The  internal  surface  of  the  lower  part  of  the  transplanted  segment  is 
smooth  and  glistening.  On  the  upper  part  it  is  covered  by  a  red  clot, 
which  is  adherent  to  the  wall  at  about  one  centimetre  below  the  upper 
anastomosis.  Both  anastomoses  are  in  perfect  condition,  smooth  and 
glistening,  and  almost  invisible.  Histological  Examination. — A  small  piece 
of  the  wall  is  cut  at  the  level  of  the  lower  anastomosis.  Section  97. 
Haematoxylin  cosin  and  Weigert's  elastic  tissue  stain.  Longitudinal  sec- 
tion of  the  vessel,  showing  the  lower  anastomosis  and  the  adjoining  parts 
of  the  aorta  and  vena  cava.  The  wall  of  the  vena  cava  is  a  little  thicker 
than  the  wall  of  the  aorta.  The  aortic  wall  is  normal.  Venous  wall  is 
composed  of  connective  tissue  with  a  few  elongated  cells.  There  are 
apparently  no  muscular  cells.  The  union  of  the  vena  cava  and  of  the  aorta 
is  very  smooth.  The  aortic  wall  is  slightly  everted  outward  at  the  point 
of  union.  Very  few  elastic  fibres  in  the  venous  wall,  which  is  almost 
entirely  composed  of  connective  tissue. 

Experijiient  2:  Resection  of  a  small  segment  of  the  aorta  of  a  cat. 
Graft  of  a  segment  of  vena  cava. 

Large  white  male  cat,  very  old.  March  24,  1909,  10  a.m.  Extirpa- 
tion of  a  segment  of  vena  cava  of  about  35  millimetres,  just  below  the 
renal  vein.  Resection  of  a  short  segment  of  aorta  at  the  level  of  the  sper- 
matic arteries.  Graft  of  the  vena  cava  between  the  cut  ends.  3  p.m.  : 
Animal  M^alks  about  its  cage.  April  20 :  Femoral  pulse  normal.  Animal 
is  very  fat  and  in  good  health.  May  20 :  Animal  is  sick.  Femoral  pulse 
normal.     May  25 :  Animal  died. 

Autopsy. — Sclerosis  of  the  kidneys.  Fatty  degeneration  of  the  liver. 
Macroscopical  Examination. — The  transplanted  segment  is  34  millimetres 
long.  Its  calibre  is  larger  than  the  calibre  of  the  aorta.  It  does  not  seem 
more  dilated  than  at  the  time  of  the  operation.  The  walls  of  the  aorta 
and  vena  cava  are  about  of  the  same  thickness.  The  internal  surface  is 
glistening,  and  slightly  irregular.  The  anastomoses  are  excellent,  without 
dilatation  or  stenosis.  Microscopical  Examination. — Haematoxylin  eosin 
and  Weigert  elastic  tissue  stain.  On  a  cross  section  of  the  transplanted 
segment,  at  about  its  middle  part,  the  wall  is  composed  of  two  parts — 
external  and  internal.  The  external  coat  is  a  very  thick  and  well-vascu- 
larized  adventitia ;  the  internal  part  is  composed  of  the  media  and  of  the 
intima.  The  media  consists  chiefly  of  very  dense  connective  tissue  and 
of  elongated  cell  nuclei.  Longitudinal  section  of  the  upper  anastomoses 
shows  the  media  of  the  aorta  slightly  bent  outward  and  in  perfect  union 
with  the  vein  (Fig.  i).  There  are  no  elastic  fibres  in  the  venous  wall 
(Fig.  2). 
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Experiment  3:  Resection  of  a  segment  of  the  abdominal  aorta  patched 
ivith  peritoneum.     Graft  of  a  segment  of  vena  cava. 

Micidle-sized  white  bitch.  November  24,  igo8.  Dissection  of  the  ab- 
dominal aorta,  a  piece  of  which  had  been  resected  twenty-two  months  ago 
and  replaced  by  a  patch  of  peritoneum.  Section  of  a  segment  of  vena  cava 
below  the  renal  arteries.  Resection  of  the  patched  segment  of  the  aorta. 
Graft  of  the  vein  between  the  cut  ends  of  the  aorta. 

November  25,  1908:  Animal  in  good  condition.  Her  hind  legs  are 
swollen.  December  5,  1908 :  GKdema  has  disappeared  almost  completely. 
Animal  in  excellent  condition.  July,  1909:  Animal  normal.  Normal  fem- 
oral pulse.  January  13,  1910:  Animal  died  at  the  farm  after  an  illness 
of  a  few  days. 

Autopsy. — Double  pneumonia.  Dissection  of  the  aorta  and  of  the 
venous  segment  which  is  36  millimetres  long.  Its  calibre  has  not  markedly 
increased.  The  wall  is  very  much  thicker  and  a  little  transparent.  The 
internal  surface  of  both  vessels  is  perfectly  smooth  and  glistening,  and 
anastomoses  are  excellent  (Fig.  3).  Microscopical  Examination. — Intima 
a  little  thickened.  The  interstitial  connective  tissue  has  very  much  in- 
creased. The  muscle-fibres  are  normal  and  seem  to  be  increased  in  num- 
ber.    Very  marked  thickening  of  the  adventitia  (Fig.  4). 

III.  Results. — The  three  animals  which  underwent  the 
transplantation  of  the  vena  cava  on  the  abdominal  aorta  were 
in  normal  condition  a  few  hours  after  the  operation  and 
recovered  without  any  complication.  In  Experiment  3,  the 
posterior  limbs  of  the  dog  became  swollen  on  account  of  the 
ligature  of  the  vena  cava  but,  after  a  short  time,  the  oedema 
disappeared  completely.  No  modification  of  the  femoral  pulse 
was  observed.  The  causes,  which  after  several  months 
brought  about,  directly  or  indirectly,  the  death  of  the  animals 
are  completely  independent  of  the  operations.  In  Experiment 
I,  the  cat  was  chloroformed  ten  months  after  the  operation 
because  he  had  developed  pyelonephritis.  The  cat  of  Experi- 
ment 2  was  very  old.  Three  months  after  the  operation,  he 
became  sick  and  died.  The  autopsy  showed  fatty  degenera- 
tion of  the  liver  and  sclerosis  of  both  kidneys.  The  dog  of 
Experiment  3  lived  in  perfect  health  for  fourteen  months  and 
then  died  of  pneumonia  in  a  few  days. 

Therefore,  three  months,  ten  months,  and  fourteen  months 
after  the  operation  the  abdominal  aorta  of  the  animals  and 
its  venous  segment  were  extirpated  for  the  study  of  the  anas- 
tomosis and  of  the  venous  wall. 

Before  longitudinal  opening  of  the  vessel  the  anastomoses 
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Segment  of  vena  cava   transplanted   on   the  abdominal    aorta.     Experiment    3.     Fourteen 

months  after  the  operation. 
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Venous  wall,  fourteen  months  after  the  transplantation.    Experiment  3. 
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could  not  be  precisely  located.  There  was  no  hardening  of 
the  wall  at  their  level.  The  surrounding  connective  tissue  was 
not  sclerosed.  In  Experiment  i,  the  segment  was  occluded 
by  a  clot  of  recent  formation.  But,  both  anastomoses  were 
normal.  Their  lumen  was  free.  The  scar  was  indistinct. 
The  exact  location  of  the  anastomosis  was  determined  by  the 
difference  in  color  between  the  venous  and  the  aortic  walls. 
In  Experiment  2,  there  was  a  linear  scar.  In  Experiment  3, 
the  scar  was  also  very  narrow  and  almost  invisible  (Fig.  3). 
But  the  location  of  the  anastomoses  was  easily  detected  because 
the  aortic  wall  assumed  a  white  color  while  the  venous  wall 
was  slightly  bluish.  The  union  between  the  ends  of  the  aorta 
and  the  segment  of  vena  cava  was  very  intimate.  The  media 
of  the  aorta  bent  slightly  outward  and  ended  abruptly.  On 
its  internal  surface,  the  intima  increased  progressively  in  thick- 
ness, the  artery  united  itself  to  the  vein  without  interposition 
of  scar  tissue.  The  histological  appearance  of  the  anastomoses 
after  the  operation  shows  that  the  results  are  definitive  (Figs. 
I  and  2).  The  secondary  occlusions  observed  by  Frouin  are 
certainly  the  result  of  a  fault  of  technic.  When  an  arterio- 
venous anastomosis  is  made  by  a  proper  method,  no  modifi- 
cation of  its  lumen  can  occur  even  after  a  long  time. 

The  venous  segment  underwent  a  slight  increase  of  its 
calibre  and  a  very  marked  thickening  of  its  wall  (Fig.  3).  In 
every  experiment  its  diameter  appeared  to  be  slightly  enlarged. 
The  changes  of  the  wall  were  very  marked.  In  Experiment  i, 
the  venous  segment  was  occluded  by  a  clot  of  recent  formation, 
which  developed  after  the  occurrence  of  pyelonephritis.  Above 
and  below  the  thrombus,  the  venous  wall  was  smooth  and 
glistening.  In  Experiments  2  and  3,  the  internal  surface 
of  the  wall  was  perfectly  smooth.  There  was  a  slight  differ- 
ence in  color  between  the  aortic  and  venous  walls.  The  wall 
of  the  vena  cava  was  a  little  thicker  than  the  arterial  wall.  It 
had  lost  all  elasticity,  and  did  not  contract  when  the 
circulation  was  stopped.  It  was  composed  in  Experiments 
I  and  2  of  dense  connective  tissue,  the  adventitia  and  the  media 
being  very  much  increased.  Development  of  new  elastic  fibres 
was  not  observed    (Fig.  2).     In  Experiment   i,  the  muscle- 
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fibre  nuclei  disappeared.  In  Experiment  3,  the  muscle-fibres 
were  found  normal  (Fig.  4).  The  thickening  of  the  wall  was 
due  chiefly  to  a  very  marked  sclerosis  of  the  adventitia  and 
of  the  media.  It  seemed  that  the  number  of  the  muscle-fibres 
had  increased. 

The  adaptive  changes  of  the  vein  begin  immediately  after 
its  grafting  on  the  artery.  The  wall  thickens.  There 
is,  at  first,  an  increase  in  the  connective  tissue,  and  probably 
also  an  increase  in  the  number  of  the  muscular  fibres.  Stich 
has  observed  the  development  of  new  elastic  fibres.  I  observed 
it  also  in  a  few  cases.  But  often,  as  it  is  shown  in  Experiments 
I  and  2,  there  is  no  production  of  new  elastic  fibres.  The  elas- 
tic framework  of  the  aorta  stops  abruptly  at  the  point  of  anas- 
tomosis, and  the  venous  wall  is  seen  completely  lacking  in 
elastic  tissue  (Fig.  2).  It  seems  that  the  first  changes  under- 
gone by  the  vein  can  be  compared  to  hypermyotrophy  observed 
by  Russell  ^^  in  the  first  stage  of  certain  forms  of  arterio- 
sclerosis. It  is  a  functional  hypertrophy  due  to  the  increase 
of  blood-pressure.  It  is  not  due  to  a  change  of  nutrition 
produced  by  the  arterial  blood,  because  I  found  changes  of 
the  same  nature  in  arteries  in  which  the  pressure  was  slightly 
raised,  without  any  modification  of  the  blood. 

It  is  then  certain  that  the  first  result  of  the  increase  of 
blood-pressure  is  an  hypertrophy  of  the  wall  as  it  was  shown 
long  ago  by  Adami.^^  The  vein  has  a  tendency  to  become 
an  artery.  My  experiments  demonstrate  that  it  can  pla^; 
perfectly  its  role.  But  it  is  possible  that  in  some  cases  the  wall 
undergoes  a  progressive  sclerosis  and  that  the  muscle-fibres 
disappear  completely  after  a  few  months.  Four  months  after 
the  transplantation  of  a  segment  of  jugular  on  the  carotid 
artery,  I  extirpated  a  small  part  of  the  wall  and  sutured  the 
opening.  The  w^all  was  very  thick  and  composed  of  a  scle- 
rosed media  containing  normal  muscle-fibres  and  of  a  greatly 
hypertrophied  adventitia.  Twenty  months  after  the  operation, 
the  w-all  was  examined  again  and  modified.  Sclerosis  had  in- 
creased and  all  the  muscle  had  disappeared.  This  change  did 
not  interfere  at  all  with  the  functions  of  the  vena  segment. 
Many  experiments  have  shown  that  the  presence  of  muscular 
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or  elastic  fibres  is  nut  necessary  to  the  normal  function  of  an 
artery.  However,  sclerosis  of  the  wall  may  lead  to  athero- 
matous changes,  although  it  has  not  yet  been  observed.  But 
it  will  be  necessary  to  keep  under  observation  animals  with 
veins  transplanted  on  arteries  for  eight  or  ten  years  in  order 
to  be  sure  that  these  degenerative  changes  do  not  occur.  The 
knowledge  of  the  remote  results  of  these  operations  will  decide 
whether  fresh  veins  or  arteries,  fresh  or  preserved  in  cold 
storage,  must  be  selected  as  grafts. 

IV.  Conclusions. — The  transplantation  of  the  vena  cava 
on  the  aorta  is  not  a  dangerous  operation.  The  three  animals 
operated  on  recovered  without  incident. 

The  venous  wall  reacts  against  the  arterial  blood-pressure 
by  thickening  its  wall. 

The  condition  of  the  venous  wall  and  of  the  anastomoses 
examined  fourteen  months  after  the  operation  shows  that, 
for  a  long  time,  a  segment  of  vena  cava  can  functionate  as  a 
part  of  the  abdominal  aorta. 

It  is  probable  that  in  the  treatment  of  aneurism,  rupture 
of  large  arteries,  embolus,  and  localized  arteritis,  the  trans- 
plantation of  venous  segments  can  be  used  safely,  but  it  must 
be  emphasized  that  without  a  proper  technic,  the  results  of  the 
operation  w^ill  be  disastrous. 
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The  study  of  partial  cleavage  has  proved  of  great  service  for 
the  interpretation  of  the  constitution  of  many  complex  sub- 
stances. The  value  of  the  same  method  for  the  elucidation  of  the 
structure  of  the  protein  molecule  has  been  discussed  by  one  of 
us  some  time  ago.^  Here,  again,  we  wish  to  emphasize  that  we 
are  fully  aware  of  the  difficulties  which  one  encounters  when  attempt- 
ing to  separate  the  individual  products  of  partial  hydrolysis  of 
proteins,  both  of  colloidal  and  crystalline  nature.  However,  we 
feel  confident  that  the  classical  methods  of  the  schools  of  Kiihne, 
of  Chittenden,  of  Hofmeister,  and  the  recently  added  method  of 
Siegfried  and  his  co-workers — though  from  a  chemical  standpoint 
imperfect — still  remain  of  great  service  for  the  study  of  the  chemi- 
cal structure  of  the  protein  molecule.  The  different  albumoses 
may  not  represent  chemical  individuals;  but  even  if  they  are  mix- 
tures, they  are  mixtures  similar  within  each  fraction  not  only  by  the 
physical  properties,  but  also  by  the  chemical  composition  of  the 
parts  of  the  mixture.  This  can  be  stated  with  certainty  in  regard 
to  the  so-called  primary  digestion  products,  the  het  ero-  and  the  proto- 
albumoses.  The  work  of  Adler^  and  of  Birchard^  in  Siegfried's 
laboratory  has  contributed  much  evidence  in  support  of  this  view. 
The  work  undertaken  in  this  laboratory  several  years  ago,  and 
which  was  planned  to  be  a  systematic  study  of  every  individual 
fibrin-albumose,  and  of  the  products  of  partial  hydrolysis  of  the 

^  P.  A.  Levene,  this  Journal,  i. 
"^  Dissertation,  Leipzig,  1907. 
'  Dissertation,  Leipzig,  1909. 
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same,  was  for  a  time  interrupted.  This  interruption  was  caused 
piincipally  by  work  on  the  improvement  in  the  methods  of  analysis 
of  the  products  of  protein  hydrolysis.  Considerable  advance  in 
the  methods  of  analysis  have  been  made  through  the  efforts  of  Os- 
borne and  his  co-workers,  of  Siegfried  and  his  pupils,  and  through 
the  work  done  in  this  laboratory. 

It  was  therefore  concluded  to  resume  the  work  on  the  products 
of  partial  hydrolysis  of  fibrin.  The  aim  of  the  work  is  to  find  evi- 
dence which  will  lead  to  a  definite  solution  of  the  following 
queries. 

First,  whether  or  not  on  partial  hydrolysis  the  protein  molecule 
is  decomposed  into  large  fragments — which  appear  in  the  form  of 
albumoses. 

Second,  whether  or  not  the  partial  hydrolysis  of  proteins  pro- 
ceeds by  degrees,  in  a  manner  such  that  only  individual  amino- 
acids,  or  simple  peptides  are  detached  from  the  original  molecule, 
so  that  by  degrees  the  number  of  amino-acids  contained  in  it  de- 
creases, and  the  protein  is  transformed  through  the  more  complex 
albumoses  into  the  simpler,  and  finally  into  peptones,  peptides, 
and  amino-acids. 

Third,  whether  or  not  the  two  processes  occur  simultaneously. 
In  that  case  the  task  will  arise  to  trace  the  relationship  of  the 
simpler  albumoses  or  peptones  to  one  or  the  other  of  the  more  com- 
plex substances. 

The  present  communication  is  limited  to  the  work  on  the  prep- 
aration and  on  the  hydrolysis  of  the  hetero-albumose. 

PREPARATION  OF  THE  HETERO-ALBUMOSE. 

The  method  of  preparation  consisted  in  a  combination  of  each 
of  the  methods  as  worked  out  by  Ktihne  and  Pick,  and  was  the 
same  as  that  adopted  by  one  of  us^  in  a  former  investigation. 

The  details  of  the  method  are  as  follows: 

A  10  per  cent  solution  of  Witte's  peptone  was  carefully  neutralized  with 
dilute  sulphuric  acid,  allowed  to  stand  over  night,  and  the  undissolved  resi- 
due filtered  off.    It  was  later  found  that  the  solution  could  be  centrif ugalized 


1  P.  A.  Levene:  this  Journal,  i,  p.  1. 
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with  advantage  and  conBcqucnt  saving  of  considerable  time.  To  the  clear 
solution  obtained  by  either  method  was  added  an  equal  volume  of  a  concen- 
trated solution  of  ammonium  sulphate.  The  primary  albumo.ses  were 
filtered  olT,  wjished  with  half-saturated  ammonium  sulphate  solution,  and 
twice  reprecipitatcd  in  half  the  former  dilution.  The  hetero-  was  separated 
from  the  proto-albumose  by  adding  an  equal  volume  of  95  per  cent  alcohol, 
allowing  to  stand  two  days,  and  filtering  off  the  hetero-albumose  by  the  aid 
of  suction.  The  product  so  obtained  was  carefully  washed  with  50  per  cent 
alcohol,  dissolved  in  a  volume  of  warm  water  equal  to  half  of  that  formerly 
employed,  and  twice  reprecipitatcd  by  the  addition  of  an  equal  volume  of 
95  per  cent  alcohol.  The  final  product  was  dissolved  in  warm  water,  a  little 
ammonium  sulphate  being  added  to  aid  the  solution.  The  product  was  then 
subjected  to  dialysis  until  no  more  sulphate  could  be  detected  by  barium 
chloride.  By  this  process  a  fine  granular  substance  was  obtained  which  was 
finally  washed  by  decantation  in  a  large  excess  of  distilled  water.  This 
method  involves  a  very  large  loss  of  material,  but  it  was  only  in  this  way  that 
a  pure  product  could  be  obtained. 

Properties. 

The  albumose  obtained  in  this  way  was  extremely  insoluble 
in  water;  when  suspended  in  4  liters  of  water  and  after  intermittent 
stirring  for  12  hours,  100  cc.  of  the  supernatant  liquid  contained 
only  0.0042  gm.  of  nitrogen  or  0.025  gm.  of  albumose.  For 
analysis  a  sample  was  dried  by  heating  to  constant  weight  under 
diminished  pressure  at  the  temperature  of  boiling  water.  The 
following  results  were  obtained: 

0.2056  gm.  substance  gave  0.3734  gm.  CO2  and  0.1220  gm.  H2O. 
0.1628  gm.  of  the  substance  employed  for  a  nitrogen  estimation   after 
Kjeldahl,  required  19.15  cc.  jjj  H2SO4. 

These  results  agree  fairly  well  with  those  obtained  by  Adler^  with 
Pick's  hetero-albumose,  as  can  be  seen  from  the  following  table: 

Adler's  Analysis.  .  Present  Analysis. 

Per  Cent  Per  Cent 

C  =         48.18  C  =        49.52 

H  =  6.63  H  =         6.64 

N  =        16.00  N  =       16.46 

For  further  identification  the  rotatory  power  of  the  substance 
dissolved  in  5  per  cent  ammonium  sulphate  solution  was  deter- 

*  Dissertation,  Leipzig,  1907. 
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mined.  For  this  determination  very  careful  drying  is  necessary, 
as  prolonged  heating  at  temperatures  over  lOO*'  C.  tends  to  change 
the  substance  into  a  form  insoluble  even  in  salt  solution.  Tlie  albu- 
mose  was  first  dried  two  days  under  diminished  pressure  over 
sulphuric  acid,  then  for  two  days  under  diminished  pressure  at 
the  temperature  of  boiling  chloroform,  and  finally  to  constant 
weight  at  the  temperature  of  boiling  alcohol. 

0.1615  gm.  substance,  dissolved  in  25  cc.  rotated  —  0.84"  in  1.855  gm. 
tube  at  t  =  20°  C.     Thus: 


[ar  =  -70.11°. 


This  is  in  close  agreement  with  the  value  found  by  Adler,  —  70.69° 
for  an  ammoniacal  solution  of  the  hetero-albumose. 

Primary  Amino  Nitrogen:  0.2393  gm.  albumose  treated  with  nitrous 
acid  gave  4.40  cc.  of  nitogen  gas  at  21°,  756  mm. 

Amino  N  =  1.03  per  cent  =  6.3  per  cent  of  the  total  N. 
HYDROLYSIS. 

Glutaminic  Acid  and  Esterified  Acids. 

One-hundred  and  twenty-nine  grams  of  the  hetero-albumose 
were  hydro ly zed  by  boiling  15  hours,  with  20  per  cent  hydrochloric 
acid.  The  solution  was  concentrated,  saturated  with  hydro- 
chloric acid,  and  left  for  10  days  in  the  refrigerator.  The  glutaminic 
hydrochloride  was  filtered  on  asbestos  and  recrystallized.  10.83 
gms.  of  the  pure  hydrochloride,  equivalent  to  S.67  gms.  of 
glutaminic  acid,  were  obtained. 

Analysis:    0.4370  gm.  subst.;  23.80  cc.  ^^  Ag  NO3. 

Calculated  for 

CoH.jO4N.HCl:  Found: 

CI 19.31  per  cent        19.32  per  cent 

The  mother  liquors  were  esterified  according  to  Fischer's  method, 
three  crops  of  esters  being  freed  with  barium  hydrate  and  extracted 
by  the  method  of  Levene  and  Van  Slyke.^  The  esters  were  dis- 
tilled, using  H2SO4  in  place  of  liquid  air  refrigeration,  to  absorb 
uncondensed  vapors. ^     The  esters  boiling  above  90°  were  not 

1  Levene  and  Van  Slyke:  this  Journal,  vi,  p.  391.  1909. 

2  Levene  and  Van  Slyke:  Biochetn.  Zeitschr.,  x,  p.  214,  1908. 
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dist  ill(>(l,  l)iit  worked  up  iis  recently  proposed  by  Oslxjrne  and  Jones. ^ 
The  results  were  satisfactory. 

The  esters  were  divided  into  the  following  fractions  by  distilla- 
tion. 


TUfPBRATURE   OV 
TAPORS. 

PRESSURE. 

WEIGHT  OF  ESTERS. 

I 

degrees 
to  60 
to  90 
Undistillcd 

mm. 

12.0 
0.4 

gm. 

27.8 

II 

32  0 

Ill 

32.3 

Total 

92.1 

Fraction  I  was  chiefly  alcohol.  It  yielded  by  crystallization 
0 .  95  gm.  of  a  mixture  containing  14.18  per  cent  N,  and  on  evapor- 
ating the  mother  liquors  to  dryness,  0.96  gm.  of  more  soluble 
acids.  The  first  crop  was  worked  up  with  the  alanin-valin  mix- 
tures from  Fraction  II.  The  second  crop  was  combined  with  the 
more  soluble  portion  of  Fraction  II,  and  extracted  with  absolute 
alcohol  to  remove  prolin. 


Leudn-Valin  Sub-Fraction. 


Fraction  II  yielded  three  fractions  by  crystallization,  which 
nitrogen  determinations  by  the  nitrous  acid  method^  showed  to  be 
mixtures  of  valin  and  leucin,  the  weights  and  nitrogen  contents 
being  2.96  gms.,  11.07  per  cent  N;  4.00  gms.,  1J.34  per  cent  N; 
4. 12  gms.,  11.71  per  cent  N.  These  fractions  were  combined,  and 
the  leucin,  isoleucin  and  valin  determined  by  precipitating  the 
leucin  isomers  as  lead  salts,  and  determining  the  proportion  of 
the  two  isomers  by  the  rotation  of  their  mixture  in  20  per  cent 
HCl.^  One-half  of  the  mixture  was  used  for  the  lead  separation. 
It  yielded  6.91  gms.  of  the  lead  salt  of  leucin,  equivalent  to 
7.76  gms.  of  the  leucin  isomers  from  the  entire  mixture. 

^  Amer.  Journ.  of  Physiol.,  xxvi,  p.  212,  1910. 

2  D.  D.  Van  Slyke:  Method  for  Determination  of  Amino  Nitrogen. 
Proceedings  Soc.  Exp.  Biol,  and  Med.,  December  15,  1909;  Ber.  d.  d.  chem. 
Ges.,  xliii. 

'  Levene  and  Van  Slyke:  Analysis  of  the  Leucin  Fraction  of  Proteins, 
this  Journal,  vi,  p.  391,  1909. 
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Analysis:    0  2958  gm.  subat.;  0.1924  gm.  PbSO*: 

0  2158  gm.   aubat.;  22.5  cc.    N  at  18°,  756  mm.  (nitrous  acid 
method). 

Calculated  for 

Pb(C6H,iO,N)j:  Found: 

Pb 44. 29  per  cent  44.32  percent 

N 6 .  00  per  cent  5 .  92  per  cent 

The  leucin  and  isoleucin  were  freed  from  their  salts  as  described 
by  Levene  and  Van  Slyke,  and  the  rotation  of  the  mixture  taken 
in  20  per  cent  HCl. 

0.2632  gm.  subat;  5.016  gm.  solution;  concentration,  5.15  per  cent;  rota- 
tion in  1  dm.  tube,    +  1.52.*' 

[af^  =  +  26.32°. 

Calculated  from  the  rotation,  the  mixture  contained  50.8  per 
cent  of  Z-leucin,  49.2  d-isoleucin,  or  3.94  and  3.82  gms.  respectively. 
The  mixture  of  the  free  leucin  isomers  gave  the  following  figures 
on  analysis: 

0.1570  gm.  subst.;  30.34  cc.  N  at  24°,  760  mm.  (nitrous  acid  method). 

Calculated  for 

CeHn02N:  Found: 

N 10.69  per  cent        10.78  percent 

The  filtrate  from  the  leucin  lead  salts  yielded  1.46  gms.  of 
valin,  equivalent  to  2.92  gms.  for  the  entire  portion. 

Analysis:    0.1141  gm.  subst.;  25.30  cc.  N  at  30°,  756  mm.  (nitrous  acid 
method). 
0.1594  gm.  subst.;  0.3082  gm.  CO2;  0.1490  gm.  H2O. 

Calculated  for 

C5H11NO2:  Found: 

N 11.96  per  cent  11.88  percent 

C 51 .  24  per  cent  51 .  33  per  cent 

H 9.47  per  cent  9.64  per  cent 

Valin- Alanin  Sub-Fraction, 

The  mother  liquors  from  the  above  crystiUization  fractions  were 
freed  from  prolin  by  extraction  in  the  usual  manner  with  absolute 
alcohol,  then  submitted  to  fractional   crystalization.     1.65  gms. 
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more  ol  valin  \\as  obtained,  midving  the  CDtire  yield  of  pure  valin 
4.57  gins. 

Analysis:    O.l.'MO  gin.  subst.;  30.5  cc.  N  at  32°,  75G  mm.   (nitrous  acid 
method). 

Calculated  for 
CfiHii02N:  Found: 

N 11.96  per  cent        12.08  per  cent. 

Rotation  in  20  per  cent  HCl:  0.2400  gm.  substance;  5.114  gm.  solution; 
concentration,  4.81  per  cent,  rotation  in  1  dm.  tube,  +  1.25.° 

[a]^°  =  +  23.63°. 

3.61  gms.  of  recrystallized  alanin  were  obtained  from  the  valin 
mother    liquors. 

Analysis:    0.1161  gm.  subst.;  34.7  cc.  N  at  32°,  756  mm. 

0.1388  gm.  subst.;  0.2054  gm.  CO2;  0.0955  gm.  H2O. 

Calculated  for 
C3H7O2N:  Found: 

N 15 .  73  per  cent        15 .  85  per  cent 

C 40 .  42  per  cent        40 .  36  per  cent 

H 7.93  per  cent  7.69  per  cent 

1.10  gms.  of  a  mixture  of  alanin  and  valin  (C  =  44.81,  H  = 
8.58)  were  obtained  which  could  not  be  separated.  No  glycccoll 
could  be  obtained  by  the  carbamino  method  of  Siegfried^  although 
this  method  was  tried  out  on  mixtures  of  glycocoll  and  d-alanin  and 
found  to  be  fully  as  satisfactory  as  Siegfried  claims.  For  example 
from  a  mixture  of  0.37  gm.  glycocoll  and  1 .  00  gm.  c?-alanin  in  50 
cc.  baryta  water,  0.28  gm.  of  pure  glycocoll  was  obtained  (N  = 
18.90,  calc.  18.67).  The  failure  to  detect  glycocoll  by  this  method 
therefore  indicates  that  very  little  if  any  was  present.  No  frac- 
tions which  from  analysis  appeared  to  be  mixtures  containing 
glycocoll  could  be  obtained  on  recrystallization. 

Prolin. 

The  amino-acids  completely  soluble  in  cold  alcohol  were  dis- 
solved to  100  cc.  in  water,  and  the  prolin  determined  by  the  method 
of  Van  Slyke. 2     Kjeldahls  on  5  cc.  samples  required  35.75  —  35.65 

^  Ber.  d.  d.  chem.  Ges.,  xxxiv,  p.  400. 
2  Ber.  d.  d.  chem.  Ges.,  xliii. 
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cc.  of  A  H2SO4  for  titration,  indicating  1.000  gm.of  nitrogen  in  the 
entire  solution.  Determination  of  the  primary  amino  nitrogen  in 
10  CO.  of  the  solution  gave  71.10  cc.  of  nitrogen  gas  at  21°,  762  mm., 
indicating  that  0.4025  gm.  of  the  nitrogen  came  from  the  ordinary 
aliphatic  amino-acids,  0.5975  gm.  from  the  prolin  in  the  mixture. 
Tliis  corresponds  to  4.92  gms.  of  prolin. 

The  80  CO.  of  the  solution,  remaining  after  removal  of  the  samples 
for  the  above  determinations,  was  racemicized,  boiled  with  CuO, 
and  the  prolin  obtained  as  crystalline  d-l  copper  salt.  3.77  gms. 
were  regained,  equivalent  to  60.6  per  cent  of  the  amount  of  prolin 
calculated. 

Analysis:    0.3784  gm.  subst.;  loss    at    100°,   0.0385  gm.;    11.70  cc.    ^^ 
ammonium  sulphocyanide  (Volhard  titration), 
0.2310  gm.  subst.;  amino  nitrogen,  4.70  cc.  at  19"*,  760  mm. 

Calculated  for 
Cu(C5H),02N)2.2H20:  Found: 

HiO 10.99  per  cent        10.72  per  cent 

Cu 19.41  per  cent        19.72  per  cent 

Amino  N 0.00  per  cent  1.16  per  cent 

After  recrystallizing  three  times  the  prolin  salt  was  obtained 
almost  free  from  amino  nitrogen.  The  amino  nitrogen  test  is  by 
far  the  most  delicate  for  the  purity  of  prolin  obtained  from 
proteins. 

Analysis:  0.3484  gm.  subst.;  0.0375  loss  at  100°;  10.70  cc.  y^  ammonium 
sulphocyanide.  0.1906  gm.  subst.;  0.60  cc.  N  at  30°,  760 
mm.  (nitrous  acid  method). 

Calculated  for 
Cu(C5H802N)2.2H20:  Found: 

H2O 10.99  per  cent        10.76  per  cent 

Cu 19 .  40  per  cent        19 .  51  per  cent 

Amino  N 0.00  per  cent  0. 17  per  cent 

The  mother  liquors  from  the  first  crop  of  copper  salt  were  freed 
from  copper  by  hydrogen  sulphide,  and  the  amino-acids  crystaUized 
from  dilute  alcohol.  1.35  gms.  were  thus  obtained,  a  mixture  of 
alanin  and  valin  (N  =  13.72  per  cent).  The  mother  Hquors 
were  reconverted  into  copper  salts,  and  yielded  0.57  gm.  more  of 
prolin  salt  (H2O  =  11.04,  Cu  =  19.62,  amino  N  =  0.72),  making 
the  total  crystallized  copper  salt  regained  69.7  per  cent  of  that 
calculated  by  the  nitrogen  determinations. 
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Pfienylalanin. 

Fraction  III  of  the  ostcrs  was  dissolved  in  wator  andthophonyl- 
ahinin  vMvv  vxirixcXvd  with  ether  in  the  usual  manner.  Tlie  etlier- 
eal  extract  contained  practically  all  of  th(;  colorinj^  matter.  It  was 
decolorized  with  charcoal,  and  the  phenylalanin  obtained  as  hy- 
drochloride from  aqueous  solution  after  saturation  with  HCl.  3.85 
gms.  of  the  hydrochloride,  equivalent  to  3.16  gms.  of  phenylalanin, 
were  obtained. 

Analysis:    0.3201  gra.  subst.;  16.05  cc.  j^  silver  nitrate. 

Calculated  for 
CyHii02N:  Found; 

CI 17.58  per  cent        17.76  per  cent 

Glutaminic  and  Aspartic  Acids  from  Esters. 

The  esters  not  extracted  from  water  solution  by  ether  were 
hydrolyzed  with  barium  hydrate,  as  usual,  the  solution  was  freed 
from  barium  with  sulphuric  acid,  and  the  glutaminic  acid  crystal- 
lized as  hydrochloride.  4.47  gms.  equivalent  to  3.59  gms.  of  glu- 
taminic acid  were  obtained. 

Analysis:    0.2970  gm.  subst.;  16.30  cc.  j^  silver  nitrate. 

0.1430  gm.  subst.;  19.80  cc.  N  at  25°,  760  mm.  (nitrous  acid 
method). 

Calculated  for 
C5H9O4N.HCI:  Found: 

CI 19 .  31  per  cent        19 .  45  per  cent 

N 7.63  per  cent  7.68  per  cent 

The  mother  liquors  were  freed  from  HCl  by  concentration  in 
vacuo,  followed  by  use  of  silver  sulphate,  hydrogen  sulphide,  and 
an  equivalent  of  barium  hydrate  to  remove  SO4.  The  solution  was 
concentrated  and  mixed  with  several  volumes  of  alcohol.  6.10 
gms.  of  aspartic  acid  crystallized  on  standing  in  the  refrigerator. 

Analysis:    0.1297  gm.  subst.;  22.30  cc.  N  at  29°,  758  mm.  (nitrous  acid 
method). 
0.1272  gm.  subst.;  0.1643  gm.  CO2;  0.0614  gm.  H2O. 

Calculated  for 

C4H7O4N:  Found: 

N 10.54  per  cent        10.58  per  cent 

C 36.06  per  cent        36.28  per  cent 

H 5.30  per  cent  5.40  per  cent 

No  serin  could  be  obtained  from  the  mother  liquors. 
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Prolin,  Alanin,  and  Glycocoll  from  Unextraded  Ester  Residues. 

The  barium  residues  left  after  the  third  extraction  of  esters 
were  freed  from  hexone  bases  by  phosphotungstic  acid,  and  from 
sulphate,  chloride,  and  excess  phosphotungstate  by  barium  hydrate 
and  silver  sulphate.  The  solution  of  amino-acids  vvas  concentrated, 
and  1  gm.  of  tyrosin  filtered  off.  The  other  amino-acids  were  all 
converted  into  copper  salts;  the  salts  proved  extremely  soluble  in 
water.  Their  solution  was  brought  to  150  cc.  and  600  cc.  of  alcohol 
added.  The  precipitated  salts  dried  at  100°  in  vacuo  weighed 
15.6  gms.;  the  salts  soluble  in  80  per  cent  alcohol,  8.5  gms. 

The  insoluble  fraction  was  changed  back  to  free  acids.  They 
refused  to  be  crystallized  from  water  or  dilute  alcohol.  An  attempt 
was  made  to  obtain  the  picrate  of  glycocoll  by  Levene's 
method.^  However,  in  place  of  the  usual  glycocoll  picrate  1.56 
gms.  of  a  picrate  differing  in  composition  and  in  properties  from 
the  glycocoll  compound  were  obtained.  It  was  attempted  to  purify 
the  substance  by  recrystallization  from  an  alcoholic  solution  of 
picric  acid.  A  great  part  of  the  substance  remained  in  solution, 
as  only  0.4  gm.  was  obtained  on  recrystallization.  This  picrate 
was  not  explosive  and  contained  only  traces  of  mineral  impuri- 
ties. Tested  in  the  usual  manner  for  pyrrol,  it  gave  a  very 
definite  positive  reaction,  melted  between  235-240°  C.  (corr.)  with 
decomposition  and  evolution  of  gas. 


Analysis:    0.1248  gm.  subst.;  15.7  cc.  N(over  50  per  cent  KOH)  at  29°, 
763  mm. 

Calculated  for 
C2H5N02.C6H2(N02)30H:  Found: 

N 18.42  per  cent        14.28  per  cent 


Thus  the  substance  was  not  glycocoll  picrate.  Lack  of  material 
did  not  permit  of  a  detailed  study  of  the  substance  at  the  present 
moment. 

In  the  mother  liquors  of  the  first  picrate  on  standing  a  second 
precipitate  formed,  about  0.80  gm.  in  weight  with  the  properties 
of  the  glycocoll  compound.    M.p.  =  190°  C.   (corr.)  sharp. 

^  P.  A.  Levene,  this  Journal,  i,  p.  463. 
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Analysis:    0.120  Kin.  siibst.;  20.0  cc.  N  (over  50  per  cent  KOH) 
lit  30°,  757  mm.). 

Calculated  for 
CjnAN0j.C«H2(N0j)b0H:  Found: 

N 18.42  per  cent        18.80  per  cent 

The  copper  salts  soluble  in  80  per  cent  alcohol  were  extracted 
with  absolute  alcohol.  The  soluble  salts  were  reconverted  into 
amino-acids,  racemicized,  changed  back  to  Cu  salts,  and  recrys- 
tallized  from  water.  0.75  gm.  of  anhydrous  prolin  copper  salt, 
equivalent  to  0.59  gm.  prolin,  was  obtained.  The  product  was  not 
entirety  pure,  but  was  of  the  characteristic  violet  color  when  dried 
at  100°,  and  gave  the  following  analysis. 

0.3490  gm.  subst.;  11.10  cc.  {^^^  ammonium  sulphocyanide. 

0.2200  gm.  subst.;  9.30  cc.  N  at  32°,  756  mm.  (nitrous  acid  method). 

Calculated  for 
Cu{C5H802N)2:  Found: 

Cu 19.40  per  cent        20.21  per  cent 

Amino  N 0 .  00  per  cent  2 .  15  per  cent 

The  copper  salts  soluble  in  80  per  cent  alcohol,  but  insoluble  in 
absolute,  were  decomposed  with  H2S,  and  the  amino-acids  crystal- 
lized from  dilute  alcohol  in  the  hope  of  obtaining  serin.  Instead 
of  serin,  however,  0.75  gm.  of  alanin  was  obtained. 

Analysis:    0.1339  gm.  subst.;  0.0958  gm.  H2O. 

Calculated  for 
C3H7O2N:  Found: 

C 40.42  per  cent        40.23  per  cent 

H 7.93  per  cent  8.00  per  cent 

Tyrosin, 

Thirty-one  grams  of  hetero-albumose  were  hydrolyzed  with  20 
per  cent  hydrochloric  acid.  The  acid  was  removed  by  concen- 
tration in  vacuo  and  the  use  of  silver  sulphate.  The  solution  of 
amino-acids  was  concentrated  in  vacuo  until  crystallization  began. 
1 .  025  gms.  cf  tyrosin  were  obtained. 

Analysis:    0.1586  gm.  subst.;  0.3475  gm.  CO2;  0.0881  gm.  H2O. 

0.1235  gm.  subst.;  16.35  cc.  N  at  21°,  768  mm.  (nitrous  acid 
method). 
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Calculated  for 
CaHiiOsN:  Found: 

C 59 .  67  per  cent        59 .  73  per  cent 

H 6  08  per  cent  6.21  per  cent 

N 7.73  per  cent         7.58  per  cent 

By  farther  concentration  a  second  crop  of  0.053  gm.  was  obtained, 
making  the  total  yield  1.078  gms.,  or  3.48  per  cent. 

Analysis:  0.0530  gm.  substance;  0.1151  gm.  CO2;  0.0300  gm.  H2O. 
C,  59.23  per  cent;  H,  6.29  per  cent. 

Hexone  Bases  by  the  Osborne  Modification  of  KosseVs  Method. 

18.80  gms.  of  albumose  were  hydrolyzed;  and  the  hexone  bases 
precipitated  by  phosphotungstic  acid  at  2  liters  dilution  in  the 
presence  cf  5  per  cent  sulphuric  acid.  The  precipitate  was  freed 
from  phosphotungstate  and  sulphate  by  means  of  barium  hy- 
drate, and  the  histidin,  arginin,  and  lysin  determined  by  the 
Kossel-Patton  method  as  modified  by  Osborne,  Leavenworth  and 
Brautlecht.^ 

The  histidin  solution  was  brought  to  25  cc. ;  determinations  were 
made  of  total  nitrogen  by  the  Kjeldahl  method,  and  of  primary 
amino  nitrogen  by  the  nitrous  acid  method.  As  has  been  shown,^ 
in  pure  histidin  the  ratio,  total  nitrogen:  amino  nitrogen,  is  3:1, 
and  consequently  small  amounts  of  histidin  in  pure  solution  can 
be  analyzed  by  deter^nining  this  ratio.  The  following  results 
were  obtained  on  the  histidin  solution : 

Amino  N:  10  cc.  solution;  11.85  cc.  Nat  29°,  758  mm.  Amino  N  in  total  25 
cc.  is  0.01605  gm. 

Total  N:  15  cc.  solution;  20.35  cc.  ^^  H2SO4.  Total  N  in 25  cc.  solutionis 
0.0476  gm. 

Total  N:  Amino  N  =  2.97:1 

The  histidin  solution  was  evidently  pure.  The  total  nitrogen 
corresponds  to  0.176  gm.  histidin,  or  0.93  per  cent. 

The  arginin  solution  was  brought  to  250  cc.  volume.  The 
ratio,  total  N:  amino  N,  is  4:1  in  the  case  of  arginin.    Determina- 

1  Amer.  Journ.  of  Physiol. ,  xxiii,  p.  180,  1908. 

2  Van  Slyke:  Proc.  Soc.  Exp.  Biol,  and  Med.,  Dec.  15,  1909. 
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tion  of  amino  and  Kjcldahl  nitrogens  serves  here  to  check  the 
purity  of  the  arp;inin  solution.  Also,  it  has  been  found  that  one- 
half  of  the  arjj,inin  nitrogen  is  quantitatively  evolved  in  the  form 
of  ammonia  during  6  hours  boiling  with  25  per  cent  NaOH  under 
a  reflux.  The  greater  part  of  the  ammonia  diffuses  into  standard 
H2SO4  in  a  Folin  3-bulb  tube  at  the  top  of  the  condenser,  the 
remainder  being  distilled  off  later  after  addition  of  water  to  the 
alkaline  solution.  The  following  determinations  were  made  on  the 
arginin  solution: 

Total  N:20cc.  solution; 23.50 cc.  ^(^  IlaSO,.    Total  N  =  0.4010 gm. 
Amino  N:  10  cc.  solution;  9.70  cc.  Nat  25°,  764  mm.    Amino  N  =  0.1353  gm. 
Arginin  N^;  40  cc.  solution;  19.05  cc.  ^^  H2SO4.     Arginin  N  =  0.3330  gm. 
N  H3  ;  40  cc.  solution ;  boiled  with  Mg  O ;  0 .  00  cc.  ^^  H2SO4.   NHj  absent. 

The  ratio,  total  N:  amino  N,  is  lower  than  4.T,  and  the  arginin 
determination  indicates  that  only  83.1  per  cent  of  the  total  nitro- 
gen present  was  in  the  form  of  arginin.  Calculated  on  this  basis, 
the  arginin  present  was  1.036  gms.,  cr  5.50  per  cent. 

The  solution  not  used  in  the  above  determinations  was  concen- 
trated and  treated  with  an  equivalent  of  picrolonicacidin  alcoholic 
solution.    0.9  gm.  of  arginin  picrolonate  were  obtained. 

Analysis:    0.1440  gm.  subst.;  0.2297  gm.  CO2;  0.0696  gm.  H2O. 

Calculated  for 

C16H22N&O7:  Found: 

C 43.82  per  cent  5.05  per  cent 

H 43 .  50  per  cent  5 .  41  per  cent 

From  the  lysin  solution  2.44  gm.  of  lysin  picrate  were  obtained, 
equivalent  to  0.95  gm.  of  b^sin,  or  5.06  per  cent.  The  picrate 
was  recrj'st  alii  zed  from  water,  and  gave  the  following  figures  on 
analysis. 

0.1517  gm.  subst.;  20.4  cc.  N  at  18°,  746  mm.  (nitrous  acid  method). 

Calculated  for 
C12H7N5O9:  Found: 

Amino  N 7 .  47  per  cent  7 .  58  per  cent 

1  Van  Slyke:  Proc.  Soc.  Exp.  Biol,  and  Med.,  May  18,  1910.  The  decom- 
position of  nearly  one-half  the  arginin  nitrogen  into  ammonia  was  noted  by 
Osborne,  Leavenworth  and  Brautlecht.    The  above  method  is  quantitative. 
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Determination  of  the  Hexone  Bases  and  Nitrogen  Distribution  by 
the  Method  of  Van  Slyke} 

2.07  gins,  of  albuinose  containing  0.3413  gm.  of  nitrogen,  were 
hydrclyzed  with  20  per  cent  hydrochloric  acid,  the  acid  removed  as 
completely  as  possible  by  evaporation,  and  the  ammonia  distilled 
in  vacuo  with  an  excess  of  barium  hydrate  solutioi'.  It  neutrali/iCd 
20.10  cc,  of  Tij  H2SO4. 

The  solution  was  acidified  with  the  H2  SO4,  the  melanin  removed  by 
adsorption  with  AgCl,  and  determined  by  Kjeldahl.  19.75  ccA 
H2SO4  were  neutrali^iCd. 

The  filtrate  was  brought  to  100  cc.  Portions  of  5  cc.  each  were 
taken  for  determination  of  total  and  amino  nitrogen. 

Total  Nitrogen:  10. 10, 10.25  cc.T''(yH2S04;  average  10. 18.  TotalN  =  0.28o6  gm. 
Ammo iVi^ro^en:  18. 55,  IS.TOcc.N at 21.5^  764 mm.  Amino N  =  0.2116  gm. 

To  the  remaining  80  cc.  4  cc.  of  concentrated  sulphuric  acid  and 
60  cc.  of  a  20  per  cent  solution  of  phosphotungstic  acid  in  5  per 
cent  H2SO4  were  added.  The  mixture  was  made  up  to  200  cc. 
volume  and  heated  until  the  precipitate  was  nearly  dissolved,  then 
allowed  to  stand  three  days.  The  phosphotungstates  of  arginin, 
histidin,  lysin  and  cystin  are  precipitated  under  these  conditions. 
The  precipitate  was  washed  with  a  solution  containing  5  per  cent 
H2SO4  and  2  per  cent  phosphotungstic  acid  and  decomposed  ^mih. 
a  slight  excess  of  baryta  water.  The  solution  of  bases  was  freed 
from  Ba  with  CO2  and  brought  to  a  volume  of  50  cc.  10  cc. 
were  used  for  Kjeldahl  and  amino  determinations,  in  each  case 
the  remaining  30  cc.  being  used,  first  to  determine  the  arginin 
by  alkaline  decomposition  as  already  described  (p.  281),  and 
then  to  determine  the  cystin  sulphur  by  fusion  with  KNO3.  The 
results  were: 

Phosphotungstate  Precipitate. 

Total  N;  10  cc.  solution:  8.25  cc.  ^jj  H2SO4.  Total  N  =  0.0722  gm.  = 
21.15  per  cent,  of  the  total  N. 

Amino  N:  10  cc.  solution,  11.40  cc.  Nat  24°,  754  mm.  Amino  N  =  0.0394 
gm. 

Arginin:  30  cc.  solution;  6.80  cc.  /^  H2SO4.  Arginin  N  =  0.0397  gm.  = 
11.62  per  cent,  of  the  total  N. 

^Preliminary  description,  Proc.  Sac.  Exp.  Biol,  and  Med.,  May  18,  1910. 
The  method  will  shortly  be  published  in  greater  detail  in  this  Journal. 
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The  iiou-iiiuiiiu  uitropicn  {'i  of  arj>,iniii  N  +  i  ;)f  hi.slidiu  N)  is 
0.0722-0.0394=  0.0328  gm.  Sul^tracting  three-fourths  of  the 
arginin  N  from  the  iion-amino  N,  gives  0.0031  gm.  as  the  non-amino 
histidin  N,  or  0.0040  gm.  as  the  total  histidin  N,  1.34  per  cent  of 
the  total  nitrogen. 

The  difference  (lysin  and  cystin  N)  between  the  total  'M^asic" 
N  and  the  histicUn  N+  arginin  N  is  0.0279 gm.  The30cc.  of  solution 
used  for  arginin  and  cystin  determinations  gave,  for  the  latter 
0.0790  gm.  BaS04,  indicating  0.0099  gm.,  2.90  per  cent,  of  cystin 
N.    This  leaves  0.0180  gm.,  or  5.28  per  cent,  for  the  lysin  N. 

By  subtracting  the  nitiogen  in  the  phosphotungstic  precipitate 
from  that  found  in  the  solution  before  precipitation,  the  nitrogen 
of  the  ''mono-amino  acid"  fraction  is  obtained.  This  method 
avoids  the  difficulties  of  Kjeldahling  solutions  contairing  phos- 
photungstic acid.  The  total  N  of  this  fraction  is  0.2134  gm.  =  62.54 
per  cent.  Of  this,  0.1722  gm.,  or  50.48  per  cent,  is  amino  nitrogen, 
0 .  0412gm.,  or  12.06  percent,  is  non-amino  nitrogen,  consisting  of  the 
nitrogen  of  prolin,  oxyprolin,  one-half  the  tryptophan  and  per- 
haps some  yet  unknown  acid  or  acids. 

The  results  are  summarized  as  follows: 


Ammonia 

Melanin 

Arginin 

Histidin 

Lysin 

Cystin 

Amino  N  in  phosphotungstic  filtrate.. 
Non-amino  N  in  phosphotungstic  filtrate 


GRA.M8 
NITROGEN 


0.0281 
0.0276 
0.0397 
0.0046 
0.0180 
0.0099 
0.1722 
0.0412 


PER  CENT  OF 
TOTAL  NITROGEN 


8.23 

8.08 
11.621 

2.90 

^^•^^\  62  54 
12.06/^^-^^ 


The  hexone  base  determinations,  calculated  for  percentages  of 
amino-acids  in  the  dry  albumose,  compare  as  follows  with  those 
obtained  by  the  older  method. 


KO88EL-PATTON- 

O8BORNE  METHOD 

NEW  METHOD 

MEAN 

Arginin 

5.50 
0.95 
5.06* 

5.96 
0.82 
4.54 

5.73 

Histidin 

0.89 

Lysin 

4.80 

•  Lysin  was  calculated  from  unrecryatalllzed  plcrate,  so  the  result  may  be  slightly  high. 
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Correction  for  the  solubility  of  the  phosphotungstates,  which  is 
practically  the  same  in  both  methods,  as  the  concentrations  at 
precipitation  were  alike,  increases  the  average  arginin  to  6.35  per 
cent,  the  histidin  to  1.76  per  cent. 

The  results  of  the  hydrolysis  are  summarized  in  the  following 
table,  expressed  in  grams  of  amino-acid  from  100  gms.  of  albumose. 


Glutaminic  acid 9.51 

Leucin 3 .  05 

Isoleucin 2.96 

Valin 3.54 

Alanin 3 .  39 

Valin-Alanin  Mixture 1 .  86 

Prolin 4.27 

Phenylalanin 2 .  45 


Aspartic  acid 4 .  73 

Glycocoll 0.15 

Tyrosin 3.48 

Arginin 6.35 

Histidin 1.76 

Lysin 4.80 

Cystin 4.10 

Ammonia 1 .  65 


Total 58.05 


/^p*  ^<-' 
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Tlie  solution  of  many  problems  of  human  pathology 
depends,  in  a  large  measure,  on  the  finding  of  the  still 
unknown  physiologic  laws  of  generation,  growth  and 
evolution  of  cells.  We  must,  therefore,  develop  new 
methods  which  permit  the  discovery  of  these  laws.  A 
few  weeks  ago,  we  began  to  investigate  systematically 
one  of  these  future  methods,  namely,  the  cultivation  of 
adult  tissues  outside  of  the  body.  The  starting  point 
of  our  researches  was  the  beautiful  work  of  Harrison 
on  the  embryonic  tissues  of  the  frog.  Some  years  ago, 
Harrison  observed  the  development  of  nerves  from  the 
central  nervous  system  of  frog  embryos  cultivated  in  a 
drop  of  lymph.  In  1910,  Burrows  studying  with  Har- 
rison improved  very  much  this  method  and  adapted  it 
to  embryonal  tissues  of  warm-blooded  animals.  He 
succeeded  in  cultivating  nerves  and  mesenchymatous 
cells  of  sixty-hour  chick  embryos. 

Then,  at  the  Rockefeller  Institute,  we  tried  to  develop 
on  this  basis  a  general  method  which  would  be  applic- 
able to  the  adult  tissues  of  the  mammalia  and  thus  to 
determine  some  of  the  laws  of  cellular  physiology. 

The  experiments  on  which  w^e  wish  to  report  now 
were  performed  on  dogs  and  cats  and  an  adult  frog  and 
consisted  of  extirpating  small  fragments  of  tissues  of  an 
animal,  inoculating  it  aseptically  into  a  plasmatic 
medium  taken  from  the  same  animal,  and  sealing  the 
materials  in  hollow  glass  slides.  The  slides  were  placed 
in  an  incubator,  maintained  at  a  constant  temperature 

♦From  the  Laboratories  of  the  Rockefeller  Institute  for  Medical 
Research. 


of  37  C  The  microscope  was  also  placed  in  a  special 
thermostat  whicli  was  kept  at  this  temperature.  Tlio 
gi'owth  of  the  cells  could,  therefore,  be  observed,  over  a 
period  of  time,  with  the  microscope,  kept  itself  at  the 
body  temperature,  and  tlic  multiplication  of  cells 
directly  seen. 

GENERAL  CHARACTERS  OF  THE  GROWTH 

The  plasmatic  media  were  inoculated  with  many  tis- 
sues or  organs,  of  which  all  were  found  to  multiply  or 
grow.  'J'he  cultures  of  the  ditferent  tissues — as  we  shall 
call  them — contain  common  characteristics.  The  time 
of  the  beginning  of  cellular  proliferation  depends  on  the 
nature  of  the  tissue,  the  age  of  the  animal  and  other 
more  or  less  important  factors.  In  the  cultivation  of 
glandular  organs  of  adult  dogs,  the  vegetation  starts 
after  thirty-six  or  forty-eight  hours.  But,  if  the  young 
animal  is  only  a  few  days  old,  new  cells  appear  in  the 
culture  after  ten  or  twelve  hours.  Four  or  five  days 
after  the  inoculation  of  the  medium,  the  cultures  of 
thyroid,  kidney,  suprarenal,  etc.,  are  in  full  activity,  and 
remain  in  this  condition  as  long  as  the  medium 
allows  it.  Tissues  like  cartilage  or  peritoneum  grow, 
at  first,  very  slowly.  After  three  days,  there  are  in  the 
cultures  very  few  new  cells.  But  about  one  week  after 
the  inoculation,  the  cultures  become  very  much  more 
active,  and  are  in  full  vegetation  after  about  nine  or  ten 
days.  There  arc  also  some  analogies  between  the  mor- 
phologic characters  of  the  cultures  of  various  tissues 
and  organs.  For  all  tissues,  the  first  indication  of 
growth  is  the  appearance  on  the  edges  or  the  surface  of 
the  specimen  of  a  few  small  and  regular  granulations. 
These  granulations  consist  of  the  cytoplasm  of  cells,  the 
nucleus  and  nucleoli  of  which  soon  become  visible.  The 
cells  belong  to  two  general  types,  spindle  and  polygonal. 
The  spindle  cells  appear  ordinarily  at  first  and  their 
morphology  is  about  the  same  in  all  tissues,  bone  mar- 
row or  kidney,  thyroid  or  cartilage.  They  are  long  and 
slender  and  radiate  from  tlie  fragment  of  tissue  or  organ 
through  the  plasnuitic  medium.  They  are  derived  prob- 
ably from  the  connective  tissue  framework  of  the  organ. 
At  the  same  time,  or  a  little  later,  the  cells  of  the  second 
type  appear.  They  are  polygonal  or  multipolar  cells  in 
form,  but  their  morphology  varies  widely  according  to 
each  tissue  and  organ.     They  seem  in  part  to  be  differ- 


cntialcd  cells  of  riHlliclijil  njiiiirc.  Cartila;]^e  produces 
cjirtila^inoiis  cells,  and  ihyi'oid  ^^enei-aies  cells  wliicli 
look  lik(>  thyroid  cclla.  J^]v(mi  in  tiie  renal  cultures,  this 
second  type  of  cells  con(Tre,i^atcs  in  tubular  formations. 
By  usinf^  a  suitable  technic,  we  can  control  the  fjrowth 
oi*  one  or  another  of  these  types.  A  small  frairmcnt  of 
thyroid  cleanly  cut  produces  mainly  spindle  cells,  while 
in  tissues  more  finely  divided  (scrapings),  epithelial-like 
cells  a])pear. 

In  the  first  part  of  the  work  we  found  and  studied 
the  growth  of  adult  tissues  outside  of  the  body.  In  the 
second  part  we  attempted  to  cultivate  thyroid  cells  in 
series,  and  also  to  activate  the  growth  of  a  tissue  by  pas- 
sage from  one  ])lasmatic  medium  to  another.  Connec- 
tive tissue,  cartilage,  ])eritoneum,  l)one  marrow  and  bone, 
skin,  cornea,  mucous  membrane  of  the  tongue,  thyroid 
gland,  spleen,  suprarenal  gland,  kidney,  pancreas,  tes- 
ticle and  ovary  were  all  cultivated  successfully. 

CULTIVATION    OF    TISSUES 

Arterial  Sheafli. — Three  days  after  inoculation  of  a 
fragment  of  arterial  sheath,  very  delicate  palm-like  cells 
appeared  on  the  edge  of  the  tissue  and  ramified  through 
the  plasmatic  medium  in  long  filaments  ending  in 
spindle  cells.  Vegetation  was  very  weak  and  stopped 
entirely  after  a  few  days. 

Connective  Tissue. — Most  of  the  cultures  of  connec- 
tive tissue  remained  inactive. 

Conjugal  Cardlagc. — This  started  also  to  grow  on  the 
third  day.  For  about  one  week,  very  few  spindle  and 
spider  like  cells  were  found  slowly  wandering  along  the 
edges  of  the  cartilage.  From  the  upper  pole  of  the 
fragment  of  tissue,  a  mass  of  cartilage  protruded  and 
invaded  the  plasmatic  medium.  After  a  few  days,  it 
became  so  large  that  it  could  be  seen  by  the  naked  eye. 
Progressively,  the  increase  in  size  became  faster.  Many 
irregular  cells  with  long  arms  now  appeared  in  the 
plasma  about  the  old  cartilage. 

After  fourteen  days,  the  culture  was  in  full  activity, 
and  the  old  cartilage  had  thus  increased  outside  of  the 
body  two  millimeters  in  length. 

Peritoneal  Endothelium. — This  underwent  also  a  slow 
evolution.  For  several  days,  there  were  only  a  few  beau- 
tiful and  irregularly-shaped  cells  along  the  edges  of  the 


tissue.  After  a  week  they  began  to  multiply  more 
actively  and  many  very  large  cells  resembling  endothe- 
lial cells  slowly  moving  tlirough  the  clear  plasmatic 
medium  were  directly  observed  under  the  microscope. 
On  the  sixteenth  day,  the  culture  was  still  in  full  vege- 
tation. 

Bone  Marrotv. — During  the  first  hours  of  the  cultiva- 
tion of  fragments  of  bone  marrow  and  bone,  the  anatomi- 
cal elements  began  to  wander  away  from  the  tissue.  After 
three  or  four  days,  the  little  pieces  of  bone  hidden  in 
the  bone  marrow  became  visible,  because  almost  all  the 
cells  had  invaded  the  plasmatic  medium.  Around  the 
tissue,  there  were  radiating  spindle  cells  and  many  red 
blood  corpuscles.  Leukocytes  with  active  ameboid 
motion  and  large  cells  with  granular  cytoplasm  and  long 
pseudopodia  had  reached  the  remotest  part  of  the 
medium.  A  few  large  spindle  cells  were  seen  crawling 
along  the  edges  of  the  fragments  of  bone. 

Epidermis. — We  studied  the  growth  of  epidermis  by 
cultivating  fragments  of  the  skin  of  an  adult  frog.  Masses 
of  epithelial  cells  appeared  on  the  edges  of  the  cutaneous 
fragments  after  twelve  or  twenty-four  hours.  They  grew 
very  rapidly.  After  forty-eight  hours,  the  area  of  new 
epidermis  obtained  in  some  cultures  was  twice  larger 
than  the  old  fragment  of  skin.  A  few  cultures  were 
fixed  and  stained,  and  it  could  be  seen  that  many  cells 
were  dividing  by  karyokinesis. 

CULTIVATION  OF  ORGANS 

Thyroid,  Spleen,  Etc. — Many  cultures  of  glandular 
organs  were  made  and  grew  rapidly.  The  cultivation  of 
the  thyroid  of  adult  dogs  was  very  easy.  After  thirty- 
six  or  forty-eight  hours,  long  fusiform  cells  protruded 
at  one  or  several  points  from  the  edges  of  tie  tissue. 
Often  new  polygonal  cells  also  could  be  seen  on  the  upper 
surface  or  on  the  edges  of  the  thyroid.  After  the  fifth 
and  the  sixth  days,  the  cultures  were  generally  in  full 
and  sometimes  wild  vegetation,  which  lasted  as  long  as 
the  plasmatic  medium  was  in  good  condition.  A  gi'eat 
many  long  fusiform  cells  or  chains  of  fusiform  cells 
radiated  from  the  tissue  through  the  plasma.  Polygonal 
cells  were  generally  closer  to  the  tissue.  In  a  few  cul- 
tures there  w^as  an  abundant  proliferation  of  cells 
resembling  epithelial  cells,  while  the  fusiform  cells  were 
in  small  number. 


The  cultivation  of  suprarenal  and  of  spleen  gave  also 
excellent  results. 

Kidney. —  But  very  much  more  important  were  the 
results  of  the  cultivation  of  the  kidney.  Two  plasmatic 
media  were  inoculated  with  small  fra^^ments  of  a  kidney 
of  a  young  cat.  Twelve  hours  later,  fusiform  cells  were 
protruding  from  the  tissue.  After  twenty-four  hours,  a 
great  many  cells  had  invaded  the  plasma  all  ahout  the 
renal  suhstance.  One  day  later,  the  cultures  vegetated 
wildly.  On  the  fifth  day,  one  of  the  cultures  was  fixed 
and  stained  with  hematoxylin.  We  saw  many  karyoki- 
netic  figures  in  the  cells  which  had  proliferated  through 
the  plasma.  A  tube  had  begun  to  grow  from  the  tissue 
into  the  medium.  The  cells  showed  a  condition  of  great 
activity. 

The  other  culture  was  allowed  to  live  to  the  sixth  day 
and  an  exceedingly  active  growth  of  the  cells  took  place. 
In  the  morning,  we  observed  a  few  tubes  growing  from 
the  renal  substance  into  the  plasma.  In  the  evening, 
they  were  very  much  longer  and  curved  at  their  blind 
ends.  At  the  beginning  of  the  seventh  day,  the  culture 
was  fixed  and  stained.  Around  the  renal  tissue  a  very 
large  number  of  fusiform  and  polygonal  cells  had 
formed.  A  few  tubes,  composed  of  a  lumen  limited  by 
e]uthelial-like  cells,  had  passed  from  the  fragment  of 
kidney  for  a  distance  into  the  plasmatic  medium.  They 
had  the  appearance  of  renal  tubules. 

These  experiments  demonstrate  that  adult  tissues 
grow  very  easily  outside  of  the  body.  Tissues  like  car- 
tilage, and  even  like  renal  substance,  can  be  caused  to 
develop  in  something  like  normal  manner  under  entirely 
new  conditions. 

REACTIVATION  AND  CULTIVATION  IN  SERIES 

The  second  part  of  our  study  consisted  of  modifying 
the  rate  of  growth  of  tissues  by  passing  them  into  a 
second  medium.  A  few  six  and  seven  day  old  cultures 
of  thyroid  were  used  for  the  first  series  of  experiments. 
The  thyroid  fragments  were  removed  from  the  old  cul- 
tures, cut  into  small  pieces  and  placed  into  new  plasma. 
Eleven  and  twelve  hours  after,  new  cells  protruded  from 
the  previously  inactive  parts  of  the  thyroid  substance, 
as  well  as  from  the  newly  proliferated  cells.  We  found, 
indeed,  that  the  thyroid  of  an  adult  animal  had  now 
become  as  active  as  the  thyroid  of  an  animal  a  few  days 
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old.  Afterward  the  cells  invaded  very  quickly  the  new 
plasmatic  medium.  One  of  the  cultures  was  fixed  a  lit- 
tle less  than  thirty-six  hours  after  the  passage  into  the 
new  plasma  and  stained  with  hematoxylin.  From  one 
side  of  the  old  tissue  there  was  a  large  mass  of  fusiform 
cells  radiating  through  the  plasma.  From  another  point, 
several  tubular  formations  liad  wandered  far  into  the 
medium.  The  wall  of  these  tubules  was  composed  of 
epithelial-like  cells.  It  seems,  therefore,  that  the  pas- 
sage from  one  medium  into  another  of  the  same  kind 
increases  the  vegetative  power  of  the  thyroid  cells. 

In  a  second  series  of  experiments,  a  plasmatic  medium 
was  inoculated  with  cells  produced  by  the  cultivation  of 
a  thyroid  fragment,  in  order  to  obtain  a  second  genera- 
tion of  cells.  In  several  instances,  this  result  was 
achieved.  After  twenty-four  hours,  w^e  noted  that  a  few 
cells  had  wandered  from  the  old  plasma  into  the  new. 
In  one  experiment,  less  than  four  hours  after  the  inocu- 
lation, tlie  new  plasmatic  medium  already  contained 
new  cells.  One  of  these  cells  was  fusiform  and  its  activ- 
ity was  so  great  that  we  could  follow  under  the  micro- 
scope the  motion  of  its  cytoplasmic  granulations  and  the 
changes  of  its  shape.  In  a  few  minutes,  one  end  of  the 
cell  became  very  large,  while  a  long  tail  grew  at  the 
opposite  end.  Finally  the  cell  became  multipolar.  Other 
cells  which  increased  by  division  appeared  at  the  same 
time  in  the  new  medium.  Thirty-six  hours  later,  the 
culture  was  fixed  and  stained  and  many  active  cells 
resembling  epithelial  and  connective  tissue  cells  were 
found  to  be  present  in  the  new  plasma.  We  had,  there- 
fore, obtained  a  second  generation  of  the  first  culture  of 
thyroid  cells. 

CONCLUSION 

The  main  results  of  these  observations  can  be  sum- 
marized in  a  few  words:  Adult  tissues  and  organs  of 
mammals  can  be  cultivated  outside  of  the  animal  body. 

The  cultivation  of  normal  cells  would  appear  to  be  no 
more  difficult  than  the  cultivation  of  many  microbes.  It 
remains,  however,  to  be  determined  whether  continuous 
series  of  cultures  can  be  secured.  This  method  can, 
therefore,  be  used  for  the  study  of  many  important 
problems.  For  instance,  it  may  render  possible  the  cul- 
tivation of  certain  micro-organisms  in  conjunction  wath 
living  tissue  cells  or  alone  in  plasmatic  media.  Then 
it  will  be  of  great  value  in  the  study  of  the  problem  of 


cancel-.  Wc  have  already  succeeded  in  inocnlatin;]^  a 
])liisniati(;  medium  with  sarcoma  of  the  fowl ;  cells 
M|)|)earo(l  in  the  surrounding  plasma  after  nine  hours 
and  the  culture  is  growing  actively  at  present.  We  can 
assume,  therefore,  that  the  perfection  of  the  method  of 
cultivating  adult  tissues  of  mammals  outside  of  the 
hody  will  be  helpful  in  the  exploration  of  unknown  fields 
of  human  pathology. 

Work  is   in   progress   along   the   lines   indicated,   the 
results  of  which  will  be  published  from  time  to  time. 
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Wc  have  succeeded  in  cultivating  a  very  malignant 
sarcoma  outside  of  the  body.  The  purpose  of  the  experi- 
ments was  to  develop  a  general  method  which  would 
permit  a  study  of  the  evolution  of  tumor  tissue  under 
known  conditions  and  to  observe  living  cancer  cells  at 
every  instant  of  their  growth. 

We  used  a  fowl  sarcoma  that  Dr.  Eous  has  propagated 
from  generation  to  generation  for  more  than  a  year. 
Througli  the  kindness  of  Dr.  Rous,  two  chickens  with 
actively  growing  tumors  were  placed  at  our  disposal. 
Four  series  of  cultures  were  made  with  fragments  of  the 
tumor  extirpated  from  the  animals  in  four  different 
operations.  The  cultures  started  to  grow  after  a  very 
short  latent  period.  While  normal  tissues  of  adult  dogs 
and  of  young  kittens  began  to  develop  respectively  about 
forty-eight  hours  and  twelve  hours  after  inoculation  of 
the  plasmatic  medium,  sarcomatous  tissue  of  the 
chicken  showed,  in  some  cases,  evidence  of  activity 
after  two  and  one-half  hours.  Fusiform  cells  appeared 
on  the  edge  of  the  tissue  and  after  five  or  six  hours, 
many    elongated     cells     and     chains     of     cells     could 

•  From  the  laboratories  of  the  Rockefeller  Institute  for  Medical 
Research,  New  Yorli. 


be  seen  radiating  out  into  the  culture  medium. 
This  rate  of  growth  approximates  that  observed 
by  Burrows  in  sixty-hour-old  chick  embryos.  After  a 
very  short  time,  the  cultures  reached  their  period  of  full 
vegetation.  The  growth  of  the  tissue  was  extremely 
rapid.  In  a  culture  of  the  fourth  set  of  experiments  we 
saw,  after  the  tenth  hour,  a  large  area  of  new  cells  sur- 
rounding the  fragment  of  tissue.  The  surface  area  of 
this  new  growth  was  greater  than  the  area  of  the  orig- 
inal fragment.  At  the  end  of  the  first  twenty-four  hours 
the  surface  of  the  new  tissue  in  one  of  the  cultures  was 
fourteen  times  that  of  the  original  fragment.  After 
forty-eight  hours  this  area  might  reach  twenty-two  times 
the  size  of  the  original  fragment.  Associated  with  this 
wide  extent  of  new  tissue  was  a  slight  decrease  in  the 
size  of  the  old  fragment.  It  showed  that  the  new  growth 
was  partly  built  of  cells  wandering  from  the  original 
fragment  into  the  plasmatic  medium.  This  w^andering 
of  cells  is  a  phenomenon  frequently  noticed  in  the  culti- 
vation of  normal  tissue.  But  the  new  tissue  was  also 
composed  of  new  cells.  In  a  culture  fixed  and  stained 
after  tw^enty-four  hours,  we  observed  many  karyokinetic 
figures.  The  new  cells  are  morphologically  different 
from  the  chick  embryonal  cells.  They  are  round,  fusi- 
form or  polygonal,  filled  completely  or  partially  with 
large  refractive  granules.  They  grow  in  many  layers  in 
the  medium  and  are  apparently  little  influenced  by  the 
architecture  of  the  fibrin  net. 

The  nature  of  the  plasma  has  a  marked  influence  on 
the  growth  of  the  tumor.  In  seven  cultures,  the  plasma 
of  a  normal  animal  was  used.  Only  tw^o  positive  results 
were  observed.  In  six  test  cultures  we  employed  the 
plasma  of  the  animal  from  which  the  tumor  had  been 
extirpated.     Six  positive  results  were  obtained. 

We  have  endeavored  to  cultivate  sarcomatous  cells  in 
series  in  order  to  obtain  a  pure  culture  of  the  more  viru- 
lent elements.    The  second  generation  grew  very   easily. 


Tlic  (iri^nnal  tissue  niid  (1h'  iidjacciil  new  cells  of  a  cultiiiT' 
wci-c  ('\lirj)al(Ml,  ;iii(l  tlic  lice  space  left  by  their  rciiiioval 
ill  llic  old  culliirc  incdiiiiii  was  filled  with  new  plasma. 
The  surface  of  the  old  inediimi  was  also  covered  with 
new  plasma.  In  every  case  the  sarcomatous  cells  entered 
immedialely  the  new  medium.  In  twenty-four  liours 
long  chains  of  fusiform  cells  spreadin^r  out  from  the  area 
covered  by  the  sarcomatous  cells  could  be  seen  invadin^,^ 
the  new  medium.  On  the  fifth  day  of  the  culture  the  cells 
were  still  in  full  activity.  Up  to  the  present,  perfect 
second  generation  has  been  obtained. 

These  results  show  that  sarcomatous  tissue  grows  lux- 
uriantly outside  of  the  organism,  that  a  second  genera- 
tion can  be  produced  by  the  cells  grown  in  a  first  culture 
and  that  the  whole  process  can  be  observed  with  ease  at 
every  instant  of  its  evolution.  It  is  probable  that  the 
malignant  tumors  of  the  human  organism  can,  in  a 
similar  manner,  be  caused  to  grow  outside  of  the  body. 
The  method,  therefore,  will  be  a  valuable  addition  to  our 
means  of  studying  the  problem  of  cancer. 
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Jn  GUI-  ]ai«t  notc^  we  have  shown  that  a  fowl  sarcoma 
could  grow  outside  of  the  body.  We  expressed  also  the 
opinion  that  malignant  tumors  of  the  human  organism 
could  be  caused  to  grow  in  the  same  manner.  In  the 
present  note,  we  shall  briefl}^  describe  a  successful 
attempt  to  cultivate  in  vitro  a  sarcoma  extirpated  from 
a  woman  by  Dr.  Coley. 

Through  the  kindness  of  Dr.  Coley  and  of  his  assist- 
ants of  the  Memorial  Hospital  of  New  York,  we  were 
able  to  make  a  few  cultures  with  fragments  of  a  sar- 
comatous tumor  taken  from  a  woman  35  years  old.  The 
history  of  the  patient  given  by  Dr.  Moore  of  Iowa,  can 
be  summarized  as  follows: 

Thirteen  years  ago,  after  a  traumatism,  a  tumor 
developed  on  the  upper  part  of  the  right  fibula.  Last 
June  the  tumor  was  extirpated.  It  recurred  soon  and 
last  September  tlie  new  tumor  and  the  fibula  were 
removed.  The  growth  presented  then  the  anatomic 
characters  of  a  sarcoma.  It  recurred  again  very  soon 
and  the  patient  was  l)rought  to  the  Memorial  Hospital 
of  New  York. 

On  Oct.  27,  1910,  at  4  p.  m..  Dr.  Coley  extirpated  the 
tumor.    During  the  operation  some  blood  to  be  used  as 

♦  From  the  laboratories  of  the  RockefeUer  Institute  for  Medical 
Research. 
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Hiediuni  was  taken  from  the  arm  of  the  patient.  At 
4  :30  a  few  fragments  of  sarcomatous  tissue  were  inocu- 
lated into  the  plasmatic  medium.  Twelve  cultures  were 
made  and  [)rought  immediately  to  the  Tiockefeller  Insti- 
tute. 

On  Octoher  28  at  8  :30  a.  m.,  that  is,  sixteen  hours 
after  the  inoculation,  the  cultures  were  examined.  In 
every  culture  the  medium  was  very  fragile.  The  main 
mass  of  the  clot  had  been  torn  away  from  the  tissues 
during  the  transportation  of  the  slides.  The  sarcoma- 
tous fragments  were  held  by  a  very  thin  layer  of  fibrin, 
which  was  closely  adherent  to  the  cover-glass.  All  the 
lower  part  of  the  medium  was  fluid.  In  spite  of  these 
unfavorable  conditions,  fusiform  cells  protruded  in  many 
points  from  the  tissue.  In  several  cultures,  many 
spindle  and  round  cells  were  observed  to  be  wandering 
through  the  medium.  Ten  of  the  twelve  cultures  gave 
positive  results.  The  growth  was  far  less  active  than 
were  the  cultures  of  the  fowl  sarcoma.  This  was  due 
probably  to  the  fact  that  the  cells  were  vegetating  under 
difficult  conditions  on  account  of  the  partial  liquefaction 
of  the  medium.  Nevertheless  a  large  number  of  fusi- 
form cells  radiated  out  and  wandered  into  the  very  thin 
layer  of  plasma  adherent  to  the  glass.  Their  morphol- 
ogy could  be  studied  very  easily  with  an  oil  immersion 
lens.  The  characters  of  these  cells  will  be  described  in  a 
later  publication.  The  purpose  of  the  present  article  is 
merely  to  show  that  all  the  details  of  the  living  cells 
can  be  observed  at  every  instant  of  their  evolution. 

On  October  29,  large  fusiform  cells  with  long  tails, 
round  cells  and  a  few  multipolar  cells  were  wandering 
from  the  tissue  through  to  the  medium.  The  pMsma 
was  clear  and  thin  and  the  changes  occurring  in  the 
cells  could  be  observed  without  difficulty.  For  instance, 
one  large  fusiform  cell,  after  having  been  sliglitly 
shaken,  broke  loose,  while  we  observed  it.  It  became 
immediately  a  small  granular  sphere.  At  9  a.  m.,  the 
cell  had  the  appearance  of  a  spherical  mass  composed  of 


dense  |)i()l<)|il:isMii('  L;r;imi!;ilions.  At  I)  :0;;  it  hccaMu^ 
sli,i;lillv  oval.  At  !):()(>  it  was  inorc;  nlAonir.  I^ro^ress- 
ivoly  the  prainilations  horamo  less  densely  packed  in 
the  anterior  part  of  the  cell.  At  0:18  the  posterior  end 
was  si  lightly  pointed,  and  a  clear  s[)()t  appeared  at  the 
place  where  the  ^^ran illations  were  less  dense.  At  9  :20 
there  was  a  orreat  activity  among  the  protoplasmic  gran- 
ules of  the  posterior  end.  These  granules  w^re  flowing 
iiiio  llic  iiKMlium  and  producing  a  short  tail  attaclied 
to  the  cell.  .\t  J)  :22  the  clear  spot  became  a  real  nucleus 
with  a  sharp  outline.  A  faintly  opaque  nucleolus 
appeared  at  the  same  time.  At  9  :25  the  tail  was  longer. 
The  cell  also  had  increased  very  much  in  size.  At  9  :30 
Ihe  i^osterior  end  developed  a  very  long  and  pointed  tail, 
while  the  anterior  end  was  still  blunt.  The  anterior  end 
grew  progressively.  At  9  :45  the  cell  had  assumed  the 
same  appearance  as  before  9  o'clock.  This  observation 
shows  how  accurately  the  living  cell  can  be  studied  in  a 
culture. 

On  October  30,  some  of  the  cultures  were  vegetating 
very  actively.  Two  of  them  were  fixed  and  stained. 
Their  examination  confirmed  the  observations  made  on 
the  living  cultures.  On  November  1  most  of  the  cultures 
were  dead  or  had  been  fixed.  Only  one  still  lived  on 
November  3. 

We  must  conclude  from  this  experiment  that  it  is  pos- 
sible to  cultivate  outside  of  the  organisms  fragments  of 
a  liuman  sarcoma  in  a  manner  similar  to  tliat  of  the 
animal  sarcoma  previously  described.  Therefore  we  will 
probably  bo  al)lo  to  study  in  vitro  the  growth  of  the 
various  human  malignant  as  well  as  benign  tumors 
and  to  follow  all  the  morphologic  characters  and  changes 
of  the  cancerous  and  other  cells  during  life. 

We  wish  to  tliank  Dr.  Coley.  his  assistants  and  the  stall 
of  tlio  ^Memorial  Hospital  of  New  York  for  having  made 
possible  the  cultivation  for  the  first  time  of  a  human  tumor 
outside  of  the  organism  and  thus  to  develop  a  new  method 
for  the  studv  of  Innnan  rancor. 


Reprvtted   from    the  Journal   of   the   American   Medical   Association 
-Vot'.  12,  una.  Vol.  LF,  p.  1732 


Copyright,  1910 
American  Medical  Association,  535  Dearborn  Ave.,  Chicago 


/v/cp  -  ^y 


MK'I'ASTASIS     AND     TUMOR     IMMUNITY 

(»»Si:i{\  A  riONS   W  I'I'Fl  A    I'K'ANSMISSIBLK  AVIAN   N  liOI'LASM'" 


PKV'JU.N    UOUS,    M.D. 

NEW     YORK 


Tn  a  previous  article,^  I  have  reported  some  observa- 
tions on  a  sarcoma  of  the  chicken,  a  typical  neoplasm, 
wliich,  unlike  the  avian  tumors  already  studied,  has 
shown  itself  transplantable  from  fowl  to  fowl.  At  this 
writing  the  sarcoma  has  developed  an  extraordinary 
malignancy  and  gives  wide-spread  metastasis.  Work 
with  it  has  brought  out  facts  which  bear  largely  on  the 
general  problem  of  tumor  metastasis  and  tumor  immu- 
nity. 

The  sarcoma  has  passed  through  six  generations  of 
inoculated  fowls  during  the  last  thirteen  months.  It  is 
of  spindle-celled  variety  and  has  throughout  remained 
true  to  type.  In  the  degenerated  portions  true  mucin 
may  be  found.  The  specificity  which  at  first  limited  its 
successful  transmission  to  fowls  of  the  same  pure-bred 
stock  in  which  the  growth  arose  has  been  to  some  extent 
overcome.  It  now  grows  in  about  85  per  cent,  of  these 
pure-bred  fowls — liglit,  barred  Plymouth  Eocks — and  in 
an  occasional  individual  that  shows  by  its  plumage  the 
slight  admixture  of  some  darker  strain;  but  it  grows 
only  in  Plymouth  Pock?.  Petrogressions  of  the  devel- 
oped tumor  are  rare. 

11ie  increase  in  the  malignancy  of  the  sarcoma  fol- 
lowed the  use  of  young  hosts.  Prompt  invasion  and 
metastasis  are  now  the  rule.    Grafts  removed  and  exam- 
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ined  three  days  after  iiii plantation  are  >'ound  vascular- 
ized, and  the  sarcoma  cells  iiave  already  pushed  into  the 
host'e  tissues  well  beyond  the  boundary  of  the  intro- 
duced bit.  A  fragment  1  to  2  mm.  in  diameter,  placed 
with  a  trochar  in  the  breast  muscle,  may  give  rise  within 
three  weeks  to  a  mass  measuring  I.kS  by  7  by  5  cm. 
From  clavicle  to  lower  sternum  the  muscle  fibers  are 
almost  completely  replaced  by  tumor.  The  host  rapidly 
emaciates,  becomes  cold,  weak  and  somnolent  and  shortly 
dies. 

Metastasis  takes  place  through  the  blood-stream  and 
much  more  rarely  through  the  lymphatics.  The  lungs 
are  often  almost  completely  replaced  by  coalescing 
growths,  and  less  frequently  the  liver  and  kidneys  show- 
nodules.  The  serous  membranes  may  be  penetrated  and 
a  wide-spread  peritoneal  dissemination  follow.  Intra- 
peritoneal growths  may  cause  intestinal  occlusion,  or 
may  unite  into  a  common  mass  viscera  that  lie  far  apart. 
In  general  the  secondary  tumors  spare  or  affect  the  same 
organs  as  in  mammals,  the  spleen,  for  example,  enjoy- 
ing an  almost  complete  immunity  as  compared  with  the 
lungs,  liver  and  kidneys.  The  reason  for  this  freedom 
of  the  spleen  from  tumor  metastasis  is  not  apparent. 

Metastases  appear  in  the  heart  with  great  constancy, 
a  feature  not  seen  in  mammals.  Both  sides  of  it  are 
involved  about  equally  often,  and  the  origin  may  be 
almost  completely  replaced  by  tumor  tissue  before  the 
host  dies.  In  such  cases  it  is  found  greatly  enlarged, 
pale,  stiff,  and  roughened  by  growths  that  have  broken 
through  on  its  surface.  The  pericardium  is  thickened 
with  contact  metastases. 

Metastases  develop  best  when  the  primary  tumor 
grows  rather  slowly.  When  it  grows  rapidly  the  host  dies 
before  the  secondary  nodules  have  had  time  to  reach  a 
large  size.  In  such  animals  great  numbers  of  minute 
metastases  are  found,  but  apparently  a  sufficient  interval 
for  their  development  has  not  elapsed.  The  growth-rate 
of  the  primary  tumor  has  increased  w^ithout  a  correspond- 
ing increase  in   the  rapidity   of  metastasis   formation. 


'I'liis  is  (louhllcss  because  sonic  of  the  iiiori^  oi-  lesK 
mec'liaiiii  ;il  ])i-()('OPPes  conoernod  in  llic  invasion  of  capil 
laries,  l)r('akin<;  olf  of  cells,  their  tran>?portation,  lofl*:- 
nicnl  and  vascularizalion  hy  llic  host  tissue  are  not  to 
he  hastened  he3'ond  a  certain  limit  by  ]\](\ro  increased 
i^^rowtb-rate  of  the  neoplasm. 

A  study  of  ^rrafts  of  the  sarcoma  removed  at  short 
intervals  from  susceptible  fowls,  and  fowls  with  a 
natural  or  enhanced  resistance,  has  shown  that  this  resis- 
tance does  not  depend  on  the  absence  of  a  supporting 
and  vascularizing  reaction  for  the  graft — a  phenomenon 
held  by  many  to  be  of  primary  importance  in  tumor 
immunity.  It  is  true  that  an  absence  of  such  a  support- 
ing reaction  is  not  infrequently  resj)onsible  for  the  death 
of  grafts  in  the  resistant  animal,  especially  when  they 
have  been  placed  in  a  site  where  connective  tissue  is 
nearly  wanting:  hut  in  by  far  the  greater  number  of 
cases  the  graft  undergoes  vascularization.  Its  success  is 
nevertheless  of  short  duration.  In  the  first  few  days 
after  inoculation,  while  it  is  growing  and  seems  liealthy, 
there  occurs  a  rapid  accumulation  of  small  round  ceils, 
(lymphocytes)  first  about  the  near-by  blood-vessels,  then 
extending  around  and  into  the  tumor  graft.  A  week 
from  the  time  of  its  implantation  this  is  so  inclosed  by 
small  round  cells  (and  to  a  much  less  degree  by  large 
mononuclears,  plasma-cells  and  fibroblasts)  that  on  a 
casual  glance  one  would  think  it  part  of  a  lymph-gland. 
At  this  time  it  is,  as  a  rule,  rapidly  degenerating, 
although  well  vascularized.  Exceptionally  it  does  not 
die  but  continues  to  proliferate,  despite  the  indications 
of  resistance  by  the  host,  and  eventually  establishes  itself. 
In  susceptible  fowls  one  finds  at  the  edges  of  the  grow- 
ing tumor  a  less  marked  reaction  of  the  sort  described. 
There  are  traces  of  it  about  the  original  neoplasm.  It 
is  not  called  forth  by  material  killed  by  heat  (GO  C.  for 
thirty-five  minutes)  or  repeated  freezing  and  thawing. 

Immunity  in  the  case  of  this  chicken  sarcoma  does 
not  then  depend  primarily  on  the  absence  from  the  host 


tissues  of  a  supporting  reaction  and  vascularization  for 
the  graft.  There  are  indications  in  the  literature  that 
this  phenomenon,  so  obvious  in  rats  and  mice,  is  here 
also  secondary  to  less  understood  processes.  Burgess- 
examining  grafts  removed  from  mice  racially  insuscept- 
ible to  the  tumor  inoculated,  has  found  them  vascular- 
ized and  growing  for  a  short  period,  then  surrounded  by 
granulation  tissue  and  degenerating.  Da  Fano^  after 
a  careful  histologic  study  of  tumor  grafts  in  mice,  and 
of  the  sparse  cellular  reaction  about  them,  has  come  to 
the  conclusion  that  lymphocytes  are  in  some  way  con- 
nected with  tumor  immunity.  About  the  growing 
tumors  of  man  lymphocytes  are  not  infrequently  seen  in 
considerable  numbers. 

The  conclusion  seems  justified  that  resistance  -to 
tumor  growth  can  no  longer  be  considered  to  depend 
immarilif  on  a  failure  of  the  host  to  provide  a  stroma 
and  vascularization  for  the  neoplastic  cells.  Both  may 
be  provided  by  the  resistant  host,  and  yet  the  tumor  dies. 
Whether  the  lym.phocytes  which  accumulate  about  it,  or 
some  factor  unknoAvn,  is  responsible  for  this  result,  has 
yet  to  be  investigated. 

The  chicken  sarcoma  has  recently  been  cultivated  in 
vitro  by  Drs.  Carrel  and  Burrows.^ 
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ALKXIS    CAIUIKL.    M.D. 

NEW     YOKK 


III  (lio  aciual  ('((iHlition  of  therapeuiifs,  aseptic  wounds 
iit'iierally  lical  in  a  few  days.  The  more  ambitious 
dreams  of  tlie  surgeons  of  the  pre-Listerian  era  have  been 
fulfilled.  Xevertlieless,  we  have  no  right  to  believe  that 
the  treatment  of  wounds  has  reached  its  ultimate  perfec- 
tion. A\'e  must  investigate  wliether  or  not  it  is  possible 
to  advance  farther.  In  the  treatment  of  wounds,  we  con- 
tent ourselves  l)y  ])rotecting  the  tissues  against  infection, 
and  we  leave  to  Nature  the  care  of  cicatrization.  Would 
it  not  be  feasible  to  act  on  the  processes  of  reparation 
themselves  and  to  activate  them  ?  The  wounds  which 
now  heal  in  a  few  days  could  j)Ossibly  be  caused  to  heal 
in  a  few  hours.  The  ti'eatment  of  fractui-es  would  also 
be  simplified.  The  development  of  methods  for  the 
stimulation  of  the  growth  of  c[)ithelial  cells,  for  the  inhi- 
bition or  the  activation  of  the  proliferation  of  connective 
tissue,  for  the  artificial  production  of  osteogenesis,  etc., 
would  greatly  improve  the  therapeutics  of  the  ulcerations 
of  the  skin  and  of  the  lesions  of  periphei'al  nerves,  bones 
and  many  other  tissues  or  organs.  This  new  evolution  of 
surgery  depends  on  the  discovery,  partial  at  least,  of 
the  laws  of  redintegration  of  tissues  of  mammals.  Cica- 
trization and  regeneration  are  the  expression  of  the 
power  to  persist  in  its  form  with  which  all  organisms  are 
endowed.  We  are  deeply  ignorant  of  the  nature  of  this 
function  of  redintegration.  It  is,  as  is  the  function  of 
nutrition,  a  fundamental  pro])erty  of  living  matter.  To 
know  its  nature  is  as  impossible  as  to  know  the  nature  of 
life.  Besides  this  knowledge  would  be  useless.  From  a 
metaphysic  standpoint  it  would  be  interesting  to  discovei- 
iv]i\j  a  wound  heals.    But  from  a  scientific  standpoint,  it 
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is  nifiiiitt'ly  more  iiii|tortant  to  know  hoiv  it  hoal«,  because 
it  would  then  be  possible  to  find  what  stimuli  start  the 
complex  mechanisms  of  the  regeneration  of  the  tissues. 
Therefore,  the  physiologic  phenomena  of  cicatrization 
must  be  investigated.  It  is  true  that  the  power  of 
redintegration  escapes  our  methods  of  research.  But 
the  physico-chemical  processes  which  this  power,  as  a 
directing  idea,  coordinates  and  harmonizes  in  view  of  the 
morphologic  reparation,  can  be  brought  into  the  field 
of  experiment.  We  must,  therefore,  analyze  the 
mechanisms  which  are  instrumental  in  the  cicatriza- 
tion of  a  wound,  the  factors  which  modify  their  func- 
tions, the  stimuli  by  which  they  are  started,  and  the 
causes  of  their  reciprocal  cooperation  to  the  common 
work.  Perhaps  it  will  become  possible  to  use  some  of 
these  agents  for  the  artificial  activation  of  the  regenera- 
tion of  tissues  and  the  treatment  of  wounds. 

MECHANISMS    OF    THE    REPARATION    OF    A    CUTANEOUS 

WOUND 

Since  many  centuries  all  surgeons  know  the  anatomic 
processes  of  the  cicatrization  of  a  wound.  On  the  open 
surface,  granulations  appear,  and,  by  their  contrac- 
tion, bring  closer  to  each  other  the  edges  of  the  epider- 
mis. Then  the  epithelial  cells  wander  on  the  granulous 
tissue  and  a  new  epidermis  is  formed.  These  phenomena 
can  be  divided  into  four  periods:  quiescent  period, 
period  of  granulous  retraction,  period  of  epidermization 
and  cicatricial  period. 

The  experiments  on  which  this  articles  is  based  were 
performed  chiefly  on  dogs.  The  cicatrization  of  wounds 
obtained  by  resection  of  a  flap  of  skin  was  observed. 
The  resected  flap  was  of  geometrical  form,  rectangular, 
trapezoidal  or  circular.  In  order  that  the  edges  of  the 
old  epidermis  might  be  easily  seen,  T  used  black  animals 
or  I  stained  the  edges  of  the  wound  with  India  ink. 
It  was  then  possible  always  to  distinguish  the  new  from 
the  old  epidermis,  and  to  follow  accurately  the  varia 
tions  of  the  dimensions.  The  dressing  consisted  of  tal- 
cum powder  and  gauze  or  warm  paraffin.  The  w^ounds 
were  kept  as  nearly  aseptic  as  possible.  When  they 
became  infected  the  results  were  discarded. 

1,  Quiescent  Period. — The  quiescent  period  extends 
from  the  time  of  the  resection  to  the  time  of  the  begin- 
ning of  the  granulous  retraction.  During  the  flrst  days 
the  dimensions  of  the  wound  do  not  vary.     If  we  repre- 


sent  grapliically  \>\  w  ira(iii<(  ilie  iimo  of  licalinj^  tlic 
Buccessive  diytancoH  hetvveen  two  points  A  and  B  tak(in 
on  the  opposite  sides  of  a  roftangular  wound,  ilic  trac- 
ing diirini:  (he  (juiescent  ])ei'iod  is  liorizontal.  Sud- 
denly it  inclines  downward.  It  is  the  beginning  of  the 
grannlous  relraclioii.  Often  tlie  iniinohility  of  the 
edges  of  the  wound  during  the  quiescent  period  ceases 
ratlier  suddenly;  there  is  no  period  of  transition  and 
tlie  active  period  of  reparation  starts  immediately. 
Tlie  main  characteristic  of  the  quiescent  period  is  the 
great  variahility  of  its  duration.  In  some  cases  it  lasts 
only  one  or  two  days,  while  in  others  it  lasts  four  oi- 
five  days. 

2.  Period  of  Granuloas  Retraction. — At  the  end  of 
the  quiescent  period  the  edges  of  the  wound  begin  to 
advance  toward  each  other.  The  tracing  of  the  con- 
secutive distances  between  the  points  A  and  B.  taken  on 
the  opposite  sides  of  a  rectangular  wound,  shows  a  sud- 
den inclination  downward.  Progressively,  the  inclina- 
tion of  the  curve  diminishes  and,  after  a  few^  days,  it  is 
almost  horizontal.  The  reduction  in  size  of  the  wound 
is  very  active  during  the  first  daj^s  of  the  period  of 
granuious  retraction.  Then  it  becomes  progressively 
slower  until  it  comes  to  a  standstill.  This  fact  was 
observed  long  ago.  It  was  believed  that  the  activity  of 
the  granulations  depended  on  their  age,  wdiile  it  depends 
really  on  the  dimensions  of  the  wound. 

By  measuring  the  rate  of  reparation  of  a  rectangular 
wound,  I  found  that  it  diminishes  progressively  from 
the  beginning  to  the  end  of  the  period  of  granuious 
retraction.  The  rate  when  the  wound  is  60  or  70  mm. 
is  about  9  or  10  mm.  for  t\venty-four  hours.  When  the 
wound  is  one  of  40  mm.  the  rate  is  about  3  mm.  When 
the  dimensions  of  the  wound  are  only  20  mm.  the  rate 
becomes  very  slow-.  In  all  wounds  the  rate  becomes 
about  zero  when  the  edges  have  reached  a  distance  of 
about  10  or  15  mm.  from  each  other.  It  is  therefore 
certain  that  these  differences  in  the  rale  of  reparation 
are  functions  of  the  size  of  the  wound. 

By  observing  on  the  same  animals  large  and  small 
wounds.  I  could  see  during  the  same  period  the  larger 
wound  diminishing  with  a  much  greater  speed  than  the 
smaller  wound.  For  instance,  two  rectangular  wounds 
(Experiment  176)  were  made  on  the  same  animal.  The 
transverse  dimension  of  the  one  wa'^:  66  mm.  and  of  the 


other  26  mm.  Durin<?  tlie  first  forty-eight  hours  of  the 
period  of  graiuHous  retraction,  the  larger  wound 
diminished  '20  mm,  and  the  smaller  4  mm.  On  tra[)e- 
zoidal  wounds,  it  was  observed  also  tliat  the  reduction 
in  size  of  the  smaller  side  is  very  much  slower  than  the 
reduction  undergone  by  the  larger  side.  On  circular 
wounds,  made  on  the  same  animals  with  cutting  tubes 
1  and  2  cm.  in  diameter,  the  same  phenomena  were 
observed.  "Many  other  experiments  have  been  performed. 
it  is  certain  tliat  the  rate  of  reparation  of  the  granulous 
period  is  directlij  proportional  to  the  size  of  the  ivouiid : 
that  is,  to  the  effort  to  be  accomplished  in  order  to  bring 
about  the  redintegration  of  the  parts.  Tt  must  bo 
noticed  that  during  the  period  of  granulous  retraction, 
the  redintegration  of  the  skin  of  mammals  follows  the 
law  discovered  by  Spallanzani  on  the  salamander.  If 
the  tail  of  a  fish  or  salamander  is  cut  oft*  near  its  base, 
the  new  part  grows  faster  than  when  the  tail  is  cut  off 
nearer  the  tip.  The  new  part  which  arises  from  the 
basal  cut  grows  more  rapidly  at  first  and  more  slowly 
later.  The  rate  of  regeneration  is  proportional  to  the 
importance  of  the  work  to  be  done.  It  is  remarkable 
that,  on  mammals,  the  reparation  of  the  skin,  which  is 
brought  about  by  a  very  different  mechanism,  obeys  the 
same  general  law. 

The  period  of  granulous  retraction  plays  a  very 
important  role  in  tlie  healing  of  the  middle-sized  and 
the  large  wounds.  Thus,  a  wound  of  60  or  70  mm.  can 
be  reduced  to  one-third  and  one-fourtli  of  its  primitive 
size.  A  wound  of  30  mm.  can  be  reduced  to  one-half 
its  size.  The  importance  of  the  granulous  period  is  less 
for  the  small  wounds.  The  effort  of  the  granulations  on 
a  wound  of  about  15  mm.  reduces  its  dimensions  to 
three-quarters  or  even  less  of  its  original  size. 

The  end  of  the  granulous  period  corresponds  to  the 
beginning  of  the  epithelial  wandering  from  the  edges 
of  the  wound.  For  a  wound  of  about  30  or  40  mm.  the 
retraction  becomes  exceedingly  slow  and  even  stops  com- 
pletely when  the  distance  between  the  edges  has  been 
reduced  to  10  or  15  mm.  When  the  wound  is  larger, 
the  retraction  stops  often  when  its  dimensions  are  still 
20  or  25  mm.  In  that  case  the  epithelial  wandering  is 
very  slow  and  often  the  result  is  an  ulcer. 

It  seems  that  the  epithelial  wandering  on  tlie  surface 
of  the  granulations  stops  immediately  their  retraction. 


The  epidcMiiii/.ilion  not  only  coincides  with  the  end  of 
tlie  period  of  <,n'anuloiis  retraction,  })iit  it  causes  it.  In 
the  corner  of  a  ^n-anulatin^i:  rectangular  wound  1 
deposited  a  small  square  <?raft  of  skin.  After  a  few  days 
the  graft  was  found  surrounded  by  the  normal  skin  of 
the  ed^e  and  tlie  wound  liad  assumed  a.ijain  a  perfectly 
rectangular  a])|)earance.  This  shows  that  the  retraction 
stopped  at  the  level  of  the  graft,  while  it  still  went  on 
in  the  other  parts  of  the  wound.  In  another  case,  the 
cpidormization  of  the  upper  part  of  a  large  square 
wound  was  stimulated  by  a  graft,  while  the  lower  part 
remained  without  epithelium.  It  was  then  observed 
that  the  distance  between  the  Tndia-ink-stained  edges 
of  the  old  epidermis  was  still  diminishing  in  the  lower 
part,  while  it  increased  in  the  upper  part.  The  shape 
of  the  square  w^ound  became  trapezoidal.  Sometime 
after  complete  epidermization  it  became  square  again. 
It  is,  therefore,  certain  that  the  epidermization  inhibits 
the  retractive  function  of  the  granulations.  When  the 
epidermization  takes  place  early,  the  scar  is  large  and 
thin.  When  the  epidermization  is  late,  tlie  granulations 
undergo  a  stronger  retraction  and  the  scar  is  thick  and 
comparatively  smaller. 

The  function  of  the  granulous  period  is  also  to  pre- 
pare the  surface  of  the  wound  for  the  wandering  of  the 
epithelial  cells.  But  it  seems  probable  that  its  main 
role  is  to  bring  the  edges  of  the  wound  to  a  certain  dis- 
tance— about  10  or  15  mm.  in  the  dog.  It  is  shown  by 
the  fact  that  if  the  wound  is  only  10  mm.  wide,  practic- 
ally no  retraction  occurs.  It  does  not  occur  because  it 
would  be  useless,  since  at  the  distance  of  10  mm.  the 
next  mechanism  of  the  reparation,  that  is,  the  epithelial 
wandering,  can  take  place  easily,  as  wdll  be  shown  later. 

3.  Period  of  Epidermization. — On  a  rectangular 
wound,  the  edges  of  which  are  stained  with  India  ink, 
it  is  easy  to  detect  tlie  beginning  of  the  period  of  epider- 
mization. The  new  epithelium  spreads  at  first  very 
slowly  on  the  surface  of  the  granulations.  It  is  difficult 
to  locate  exactly  the  free  edge  of  the  new  epidermis. 
Xevertheless,  by  using  parafUn  dressing,  it  is  possible  to 
see  with  certainty  in  a  few  cases  the  edge  of  the  wander- 
ing epithelium.  The  new  epidermis  is  exceedingly  deli- 
cate and  a  great  many  external  factors  interfere  with 
its  grow^th.  The  best  medium  for  its  growth  is  certainly 
coagulated  fibrin,  which  (an  be  obtained  by  using  as  a 
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dressing  paraftin  of  a  certain  consistency  and  melting- 
point. 

Tlie  time  of  the  beginning  of  epidermization  does  not 
depend  on  the  age  of  the  wonnd  but  on  its  dimensions. 
If  the  wound  is  hirge,  tlie  epidermization  is  tardy.  It 
occurs  very  much  earlier  wiien  the  wound  is  smaller. 

By  measuring  the  distance  between  two  points  taken 
on  the  free  edge  of  the  new  epidermis  of  a  rectangular 
wound,  it  was  found  that  the  growing  of  the  epithelium 
is  exceedingly  slow  if  the  distance  is  more  than  1*3  or 
15  mm.  But  if  the  edges  are  located  less  than  10  mm. 
from  each  other,  the  epithelium  wanders  more  quickly 
on  the  granulations.  When  the  free  edges  of  the  epi- 
thelium are  closer,  the  rate  of  cicatrization  is  very  much 
faster.  I  found,  in  one  case,  a  rate  of  2.5  mm.  for  a 
distance  of  o  mm.  The  curve  representing  the  positions 
of  tlie  two  points  runs  at  first  almost  horizontal  and 
progressivelv  inclines  itself  downward  with  an  accel- 
erated rate. 

When  at  the  end  of  the  granulous  retiaction  of  a  large 
wound,  the  edges  of  the  old  epidermis  are  still  at  a  dis- 
tance of  20  or  25  mm.  the  new  epidermis  cannot  spread 
on  the  granulations  and  the  cicatrization  of  the  woimd 
comes  to  a  standstill. 

It  seems  that  the  time  of  the  epidermization  and  its 
rate  depends  mainly  on  the  dimensions  of  the  wound. 
This  point  has  been  ascertained  by  several  other  sets  of 
experiments. 

By  observing  trapezoidal  wounds  it  was  found  that 
the  smaller  side  about  S  mm.  wide  was  completely  epi- 
dermized  while  the  larger  side  about  20  mm.  wide  pre- 
sented an  epithelial  band  of  about  2  mm.  along  the 
edges  of  the  old  epidermis.  On  irregular  wounds  the 
epidermization  begins  always  on  the  points  where  the 
edges  are  closer  to  each  other.  In  lozenge-shaped 
wounds  the  epidermization  begins  in  the  acute  angles 
and  the  wound  becomes  an  ellipse.  On  several  kinds  of 
trapezoidal  wounds  it  was  always  found  that  the  epider- 
mization begins  sooner  and  spreads  more  quickly  between 
the  points  which  are  separated  by  the  shortest  dist^ince. 

Therefore,  it  appears  that  the  law  of  reparation  by 
epidermization  is  absolutely  different  from  the  law  of 
separation  by  granulous  retraction.  The  rate  of  the 
epidermization  is  inversely  proportional  to  the  dimen- 
sions of  the  wound.     It  is  very  slow  when  the  distance 


Ix^twcon  (lie  ('(l<ri's  of  the  woiiiid  is  more  than  10  oi-  IT) 
mill.  'I'lic  maximal  Mcliviiy  of  tlie  c'|>i(lormization  soems 
to  take  place  when  ilie  cicatrization  is  nearly  complete, 
and  when  the  edges  of  tiie  new  epitliclimn  are  very  close 
to  each  other. 

4.  Cicairicial  Period. — The  dimensions  of  tlie  scar 
can  easily  be  measnred  when  the  edges  of  the  old  epi- 
dermis are  stained  with  India  ink,  or  when  the  animal 
is  black.  It  was  found  that  the  scar  of  a  large  wound 
is  comparatively  smaller  than  that  of  a  small  wound. 
On  the  same  animal,  two  wounds  of  66  mm.  and  of  26 
mm.  were  observed.  The  66  mm.  wound  gave  a  scar  of 
22  mm.  and  the  26  mm.  wound  a  scar  of  13  mm.  The 
scar  of  the  large  wound  Avas  only  one-third  the  size  of 
the  wound,  while  the  scar  of  the  small  wound  was  one- 
half  the  size  of  the  wound.  If  the  wound  is  still  smaller, 
10  or  12  mm.,  the  scar  is  almost  the  same  size  as  the 
wound.  This  is  the  natural  result  of  the  law  of  granu- 
lous  retraction. 

The  evolution  of  the  scar  is  very  slow  and  the  cica- 
tricial period  of  a  wound  very  long.  As  soon  as  the 
epidermization  is  completed,  the  distance  between  the 
points  A  and  B  of  the  edges  of  the  old  epidermis  grows 
greater.  The  tracing  shows  a  slight  movement  upward 
of  the  line  representing  the  different  values  of  the  dis- 
tance A  and  B.  The  points  A  and  B  have  a  tendency 
to  go  back  to  their  former  ])osition.  This  progressive 
enlargement  of  the  scar  lasts  for  a  long  time  and  its 
result  should  be  a  complete  redintegration. 

The  mechanisms  which  are  instrumental  in  the  cica- 
trization of  a  wound  are  coordinated  in  such  a  way  that 
the  reparation  is  continuous  and  progressive.  Never- 
theless, the  reparation  presents  phases  of  maximum 
and  minimum  activity  during  which  the  rate  is  higher 
or  lower.  During  the  quiescent  period,  the  end  of  the 
period  of  granulous  retraction  and  the  beginning  of  the 
period  of  epidermization.  the  rate  of  the  reparation  is 
slow.  It  is  maximum  at  the  beginning  of  the  period  of 
granulous  retraction  and  at  the  end  of  the  period  of 
epidermization.  The  two  mechanisms  are  adapted  to 
the  healing  of  small  and  middle-sized  wounds,  the  width 
of  which  is  not  over  40  mm.  In  a  wound  '30  or  40  mm. 
in  width  or  smaller,  the  retraction  of  the  granulations 
is  very  efficient,  since  it  can  quickly  bring  the  edges  to 
a  distance  of  10  or  15  mm.    This  distance  is  verv  favor- 
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able  tu  the  t'()nlerniization.  Therefore,  at  the  same  time 
when  tiie  rate  of  reparation  by  granulation  becomes 
very  slow,  the  epidermization  starts  and  tlie  reparation 
goes  on  without  interruption,  although  by  a  different 
mechanism.  But  if  the  wound  is  larger.  00  or  70  mm., 
the  retraction  of  the  granulations  cannot  bring  the  edges 
to  the  minimum  distance.  They  remain  at  a  distance 
of  about  20  mm.  and  the  rci)aration  comes  to  a  stand- 
still because  the  epidermization  cannot  take  place  easily 
under  these  conditions.  The  mechanisms  are  very  effi- 
cient for  the  healing  of  the  injuries  to  which  the  animals 
are  exposed  in  their  every-day  life.  P>ut  they  do  not 
work  as  satisfactorily  for  the  larger  wounds. 
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introduction. 

The  phenomenon  of  recovery  from  any  local  bacterial  infection 
has  not  been  fully  explained,  and  it  is  not  wholly  accounted  for 
by  the  several  activities  of  blood  serum  and  phagocytes,  which  have 
often  been  viewed  as  gradually  overcoming  and  removing  the 
offending  bacterial  agents.  Indeed,  this  restricted  view  has  never 
been  fairly  established  either  by  direct  observation  upon  affected 
human  beings  or  animals,  or  through  experiment ;  and  it  leaves  out 
of  account  the  effects  of  certain  definite  chemical  substances,  other 
than  antibodies,  which  are  always  present  in  a  focus  in  which  tis- 
sues and  cells  are  disintegrating.  That  some  of  these  chemical 
substances  are  injurious  to  bacteria  and  even  to  somatic  cells  we 
now  know,  and  it  has  been  found  possible  to  define  more  precisely 
the  chemical  nature  of  part,  at  least,  of  the  injurious  chemicals. 

It  has  long  been  known  that  certain  somatic  cells  yield  upon  ex- 
traction bactericidal  substances  that  are  neither  complements  nor 
amboceptors.  Thus  the  long  series  of  investigations,  beginning  with 
those  of  Buchner-  and  Denys,"^  including  those  of  Hahn,^  Schat- 

'  Received  for  publication,  August  i,  1910. 
^Arch.  /.  Hyg.,  1890,  x,  84. 
'La  Cellule.  1893,  ix,  335;  1894,  x,  5. 
*Arch.  f.  Hyg.,  1895,  xxv,  105. 
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tenfroh,^  van  der  Velde,**  Bail/  Moxter,^  and  Lovvit,^  and  terminat- 
ing with  those  of  Pettersson^*^  and  Zinsser,^ ^  have  eventuated  in 
proving  that  the  substances  extracted  or  expressed  from  leucocytes 
are  capable  of  destroying  bacteria  of  a  wide  series  ranging  fnjin  the  J 

pyogenic  cocci,  on  the  one  hand,  to  the  bacilli  typhosus,  coli,  and  | 

anthracis,  on  the  other.  The  distinguishing  characteristics  of  these 
intracellular  bactericidal  substances  are  their  thermostability  and 
capacity  to  act  independently  of  the  presence  of  alkaline  salts  in 
the  medium. 

These  extractive  substances,  obtained  either  directly  from  cells 
or  after  autolysis,  have  been  shown  by  Conradi,^^  Korschun  and 
Morgenroth,^^  Levaditi,^"*  and  Noguchi,^^  to  be  not  only  bacteri- 
cidal, but  often  hemolytic  as  well,  and  to  differ  still  further  from 
the  thermolabile  antibodies  in  being  alcohol-soluble.  Very  recently 
Noguchi^^  has  determined  that  the  activity  of  these  extracts  de- 
pends largely,  if  not  wholly,  upon  their  content  in  certain  higher 
unsaturated  fatty  acids  or  their  alkaline  soaps.  That  soaps  occur 
in  inflammatory  foci  has  been  shown  by  Klotz;^^  and  the  origin 
of  the  fatty  acids  and  soaps  is  readily  accounted  for  since  Ach- 
alme^^  has  proved  the  presence  of  lipase  in  such  foci.  That  neu- 
tral fat  and  even  the  higher  phosphorized  fats  or  lecithin  com- 
plexes occur  in  disintegrating  tissue  and  exudate  is  well  known; 
and  under  the  influence  of  the  lipase,  which  Bergel^^  believes  to  be 
especially  abundant  in  the  mononuclear  leucocytes  or  lymphocytes, 

"  Arch.  f.  Hyg.,  1897,  xxxi,  i ;  1899,  xxxv,  135. 
'  Centralbl.  f.  Bakteriol,  itc  Abt.,  1898,  xxiii,  692. 
^  Arch.  f.  Hyg.,  1897,  xxx,  348. 
'  Deutsch.  med.  Wchnschr.,  1899,  xxv,  687. 

'^  Beitr.  s.  path.  Anat.  u.  2.  allg.  Path.,  1897,  xxii,  172;  Centralbl.  f.  Bakteriol, 
lie  Abt.,  1898,  xxiii,  1025. 

"  Centralbl.  f.  Bakteriol,  Orig.,  1905,  xxxix,  423,  613 ;  1908,  xlvi,  405. 

^  Jour.  Med.  Research,  1910,  xxii,  397. 

^^  Bcitr.  c.  chcm.  Phys.  u.  Path.,  1902,  i,  193. 

^'  Berl  klin.  Wchnschr.,  1902,  xxxix,  870. 

^*  Ann.  de  I'Inst.  Pasteur,  1903,  xvii,  187. 

^' Biochem.  Ztschr.,  1907,  vi,  327. 

^^Loc.  cit. 

"  Jour.  Exper.  Med.,  1905,  vii,  633. 

"  Compt.  rend.  Soc.  de  biol,  1899,  li,  568. 

^*  Miinchen.  med.  Wchnschr.,  1909,  Ivi,  64;  1910,  Ivii,  1683 
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these  fats  are  decomposed  and  their  fatty  acids  hberated.  Certain 
tissues  which  have  undergone  autolysis  intra  vitam  yield  an  alcoholic 
extract  of  high  hemolytic  activity,  as  has  been  shown  for  the  liver 
in  acute  yellow  atropliy,  toluylendiamin  and  phosphorus  poisoning, 
by  Joannovics  and  Pick,^^  Ehrmann  and  Stern,^^  and  Jacoby,^-  and 
this  unusual  potency  is  ascribed  to  the  presence  of  free,  higher  un- 
saturated fatty  acids  which  are  derived  from  cleavage  of  the  lecithin- 
like complexes.  Dr.  Lamar  has  extracted  relatively  large  quanti- 
ties of  such  lecithin-like  bodies  or  lipoids  and  fatty  acids  from  the 
human  lung,  the  seat  of  resolving  lobar  pneumonia. 

The  quantity  of  bactericidal  substances  extractable  from  leuco- 
cytes in  vitro  must  be  a  small  measure  of  those  which  may  be  liber- 
ated from  leucocytes  in  an  inflammatory  focus.  These  extractable 
substances  represent  merely  the  preformed  bodies  and  are  minimal 
in  amount.  While  it  is  probable,  it  has  yet  to  be  proved,  that  they 
consist  of  soaps.  The  leucocytes  in  an  inflammatory  focus,  on  the 
other  hand,  suffer  successive  death  and  disintegration  either 
through  the  action  of  bacterial  poisons — leucocidins — or  because 
of  lack  of  nutriment,  and  then  yield  through  autolysis  and  lipolysis 
the  fatty  complexes  out  of  which  fatty  acids  and  soaps  are  pro- 
duced. The  quantity  of  bactericidal  and  hemolytic  substances 
yielded  by  cells  in  process  of  autolysis  is  relatively  considerable. 
The  disintegration  of  leucocytes  and  tissues  which  results  from  a 
local  bacterial  infection  can,  therefore,  be  viewed  as  a  process  that 
is  not  entirely  to  the  advantage  of  the  parasitic  agent,  but  is  also 
of  use  to  the  economy  in  assisting  to  overcome  the  bacteria,  since 
the  cells  brought  to  death  and  disintegration  by  the  parasites  yield 
certain  definite  chemical  substances  that  themselves  exert  a  destruc- 
tive action  upon  the  infecting  bacteria. 

Turning  now  to  the  subject  of  the  pneumococcus,  with  whichi 
this  paper  deals,  and   considering   the   typical    form    of    pneumo- 
coccus inflammation  presented  by  lobar  pneumonia,  it  should  first 
be  stated  that  the  pneumococci  present  in  the  resolving  exudate: 

"^  Ztschr.  f.  cxper.  Path.  u.  Thcrap.,  1909,  vii,  185;  Bcrl  klin.  Wchnschr.,  1910  , 
xlvii,  928. 

"  Bcrl.  klin.  Wchnschr..  1910,  xlvii.  282. 
^  Bcrl.  klin.  Wchnschr.,  1910,  xlvii,  677. 
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undergo  a  progressive  diminution,  both  in  number  and  in  virulence, 
as  the  process  of  resokition  proceeds.  This  decrease  in  the  number 
of  pneumococci  is  not  produced  by  phagocytosis,  which  occurs,  as 
a  rule,  but  slightly;  and  test  tube  experiments  have  shown  that  the 
pneumococcus  is  little,  or  not  at  all,  subject  to  serum-lysis ;  hence 
some  other  mechanism  must  be  invoked  to  explain  their  removal. 
Many  years  ago  Welch^^  observed  that  the  resolution  of  the  pneu- 
mococcic  exudate  was  accompanied  by  the  lysis  of  the  pneumococci 
within  their  capsules,  and  that  all  stages  of  the  chromatolysis  of  the 
organisms,  up  to  complete  disappearance,  could  be  followed  under 
the  microscope.  What  the  nature  of  the  agency  is  that  brings 
about  this  form  of  solution  of  the  pneumococci  within  their  cap- 
sules has  not  been  determined.  Now  it  becomes  significant,  as  Dr. 
Lamar's  investigation  shows,  that  pneumococci  which  have  been 
exposed  to  the  action  of  weak  solutions  of  sodium  oleate  become  so 
altered  in  texture  that,  while  still  viable  in  cultures,  they  are  sub- 
ject to  lysis  or  solution  by  means  of  the  body  fluids  and  particularly 
by  means  of  an  antipneumococcus  serum  in  vitro  or  intra  vitani. 

Such  an  assumption  as  that  the  alteration  in  virulence  and  num- 
ber suffered  by  pneumococci  during  resolution  of  a  lobar  pneu- 
monic exudate  depends  in  part  upon  the  action  of  the  fatty  acids 
and  soaps  of  the  exudate,  would,  in  view  of  the  facts  presented, 
have  some  justification;  and  this  assumption  would  be  further 
strengthened  by  the  additional  fact  ascertained  by  Dr.  Lamar,  that 
the  viable,  soap-treated  pneumococci  have  had  their  virulence  di- 
minished by  the  treatment. 

On  the  other  hand,  an  obstacle  immediately  appears  in  the  way 
of  this  highly  satisfactory  explanation.  Noguchi^^  and  von  Lieber- 
mann^^  have  separately  noted  that  hemolysis  and  bacteriolysis  by 
the  unsaturated  fatty  acid  soaps  are  inhibited  by  the  protein  of  the 
serum;  and  the  question,  therefore,  arises  whether  the  acids  and 
soaps  produced  in  the  resolving  exudate  could  come  to  act  injur- 
iously upon  the  bacteria  and  in  this  case  upon  the  pneumococci. 
No  definitive  reply  can  be  made  at  the  moment  to  this  question, 


^  Johns  Hopkins  Hosp.  Bull.,  1890,  i,  73. 

^  Loc.  cit. 

^  Biochem.  Ztschr.,  1907,  iv,  25. 
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since  we  are  still  too  i<;noraiU  of  the  interaction  of  chemical  sub- 
stances within  a  resolving  exudate.  But  we  may  still  consider 
factors  thai  possibly  suffice  to  overcome  this  initial  impediment  to 
the  action  of  the  soaps,  among  which  are  the  proximity  of  the  bac- 
teria to  the  nascent  fatty  acids  and  soaps  and  the  natural  occur- 
rence within  the  exudate  of  chemical  bodies  that  have  the  effect 
of  removing  the  protein  inhibition  similar  to  that  described  for 
boric  acid  in  the  experiments  of  Dr.  Lamar. 

The  complexity  of  the  defensive  processes  invoked  against  bac- 
teria is  further  emphasized  in  a  suggestive  way  by  the  striking  part 
taken  by  the  antipneumococcus  serum  in  the  experiments.  The 
action  of  combined  sodium  oleate  and  immune  serum  upon  the 
lysis  of  the  pneumococci  and  upon  infection  with  that  organism  in- 
dicates a  highly  important  property  of  immune  serum.  The  de- 
structive and  protective  effects  described  in  connection  with  the 
combination  are  probably  not  simply  those  of  summation  of  two 
independent  injurious  agencies,  but  may  well  be  the  expression  of 
a  new  and  specially  acquired  property  of  the  antiserum,  since  the 
normal  serum  fails  to  produce  perfect  and  complete  lysis  of  the 
soaped  pneumococci.  Moreover,  it  has  been  shown  clearly,  espe- 
cially by  Neufeld^^  and  his  associates,  that,  at  the  time  of  the  ap- 
pearance of  the  crisis  in  pneumonia,  antibodies  are  demonstrable 
within  the  blood ;  thus,  it  would  appear  that  the  conditions  afforded 
by  the  inflammatory  exudate  for  the  interaction  of  the  soaps 
formed  within  the  exudate  and  the  bacteria  there  present  may 
come  to  be  favorable  to  the  destruction  of  the  pneumococci. 

We  entertain  the  opinion  that  our  knowledge  of  the  phenomena 
of  local  destruction  of  infecting  bacteria  may  be  promoted  by  a 
more  comprehensive  study  of  the  chemistry  of  the  process  and  by 
declining  to  confine  attention  to  the  antibodies  and  phagocytes  ex- 
clusively. The  purpose  of  the  present  paper,  and  of  those  which  it 
is  expected  \vill  follow,  is  to  attempt  to  define  the  part  played  in 
destroying  bacteria  by  the  more  definite  chemical  bodies  occurring 
within  local  inflammatory  foci,  especially  those  undergoing  resolu- 
tion, and  to  put  to  a  practical  test,  in  promoting  recovery  from 
experimental  infections,  the  facts  ascertained  in  the  course  of  the 
investigation. 

^ Arh.  a.  d.  k.  Gsndhtsamte.,  1910,  xxxiv,  166, 
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ACTION  ON  THE   PNEUMOCOCCUS   AND   ITS   EXPERIMENTAL 

INFECTIONS   OF  COMBINED   SODIUM  OLEATE  AND 

ANTIPNEUMOCOCCUS   SERUM. 

CONDITIONS   OF    PNEUMOCOCCUS   INFECTION. 

The  state  of  our  knowledge  of  the  conditions  of  pneumococcus 
infection  will  be  indicated  by  the  brief  review  of  the  literature  that 
is  to  follow.  The  effects  of  the  entrance  of  bacteria  into  an  animal 
body  are  considered  to  depend  chiefly  upon  the  susceptibility  of 
the  animal  and  the  virulence  of  the  invading  bacteria.  These  ex- 
pressions are  obviously  merely  relative  and  bear  a  reciprocal  rela- 
tionship, yet  at  the  extremes  the  states  of  susceptibility  and  viru- 
lence are  well  defined  and  easily  appreciated.  The  conditions  are 
well  illustrated  by  the  manner  of  reaction  of  different  animals  to 
the  pneumococcus.  Certain  animals,  under  normal  conditions, 
represent  one  extreme  of  entire  insusceptibility  to  infection  w^iththe 
pneumococcus,  and  others  present  the  opposite  extreme  of  high 
susceptibility  to  its  effects.  Thus,  the  pigeon  is  entirely  resistant 
to  infection,  while  the  goat,  dog,  sheep,  guinea  pig,  rat,  mouse,  and 
rabbit,  as  well  as  man,  must  be  ranked  among  the  susceptible  ani- 
mals. The  reactions  of  the  susceptible  animals  vary.  There  may 
be  only  a  slight  local  inflammation,  or  a  severe  local  inflamma- 
tion with  or  without  septicemia,  or  an  immediate  fatal  septicemia 
following  a  slight  local  reaction.  Experimental  evidence  exists  to 
the  effect  that  the  susceptibility  of  the  dog  to  experimental  infection 
with  the  pneumococcus  is  similar  to  that  of  man  to  spontaneous  in- 
fection. That  is,  in  man  and  the  dog,  pneumococcus  infections 
are  usually  of  the  nature  of  severe  local  reactions,  which  only  excep- 
tionally are  attended  by  true  septicemia,  as  distinguished  from  the 
early  transitory  bacteremia.  But  in  man,  as  in  susceptible  lower 
animals,  the  effects  depend,  in  considerable  part,  upon  the  degree 
of  virulence  of  the  pneumococci.  The  pneumococci  which  thrive 
saprophytically  in  the  buccal  cavity  of  human  beings  are  appar- 
ently, as  a  rule,  harmless,  and  when  cultivated  from  this  source 
the  organism  has  little  pathogenicity,  sometimes  none,  for  the  highly 
susceptible  mouse  and  rabbit.  However,  when  the  pneumococcus 
is  associated  with  local  inflammations  in  human  beings,  of  which 


liichanJ    V.  Lamar.  7 

many  \arietics  occur,  both  as  regards  situation  and  severity,  the 
pncuniococci  cultivated  from  the  lesions  exhibit  all  degrees  of  path- 
ogenicity for  Ihese  very  susceptible  animals.  The  organisms  ob- 
tained from  most  of  the  local  inflammations  arc  not  highly  patho- 
genic, but  those  obtained  from  pneumonic  lesions  are  sometimes, 
although  not  invariably,  of  high  potency. 

The  basis  of  these  differences  in  susceptibility  of  animals  and  in 
virulence  of  different  strains  of  pneumococci  has  been  sought  from 
the  time  of  the  earliest  work  by  the  pupils  of  Metchnikoff  to  that 
of  the  recent  studies  of  Hektoen^'^  and  his  pupils,  especially  in  re- 
lation to  phagocytosis.  Tchistovitch^^  concluded  from  his  experi- 
ments that  the  state  of  refractoriness  or  susceptibility  to  infection 
depended  v^holly  upon  whether  the  leucocytes  of  the  animals  did 
cy-  did  not  ingest  and  destroy  the  pneumococci.  Mennes^^  further 
noted  that  an  animal  artificially  immunized  against  the  pneumo- 
coccus  resisted  infection  because  its  leucocytes  exercised  increased 
power  to  take  up  the  organisms.  Moreover,  his  studies  of  the 
virulence  of  different  strains  of  the  diplococcus  led  him  to  conclu- 
sions similar  to  those  arrived  at  by  Marchand  in  his  studies  of  the 
streptococcus,  namely,  that  the  avirulent  pneumococci  are  readily 
taken  up  by  phagocytes,  while  the  virulent  are  not.  He  therefore 
concluded  that  a  pneumococcus  produces  infection  because  it  pos- 
sesses the  power  to  resist  destruction  by  leucocytes,  a  view  which 
has  been  confirmed  and  accepted  by  many  later  workers.  Recently 
Strouse^^  has  added  that  virulence  depends  in  part  upon  the  ability 
of  the  pneumococcus  to  grow  in  the  body  of  the  animal,  and  not 
wholly  upon  its  resistance  to  phagocytosis. 

Much  attention  has  been  given  to  the  study  of  the  causes  that 
underlie  the  resistance  to  phagocytosis  shown  by  virulent  pneu- 
mococci. Marchand""^^  ascertained  that  the  killing  of  the  organisms 
by  heat  and  the  treatment  of  them  with  various  chemical  substances 
did  not  render  the  previously  virulent  organisms  subject  to  phago- 
cytosis, from  which  he  concluded  that  the  determining  factor  was 

"/owr.  Infect.  Dis.,   1906,  iii,  446,  731;  1907,  iv,  285;  1908,  v,  273. 

^  Ann.  de  I'Inst.  Pasteur,   1890,  v,  285. 

"^  Ztschr.  f.  Hyg.,   1897,  xxv,  413. 

*°  Jour.  Exper.  Med.,  1909,  xi,  743. 

'^  Arch,  de  med.  exper.  ct  d'anat.  path.,  1898,  x,  253. 
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some  physical  state,  and  not  the  chemical  composition,  of  the  pneu- 
mococci.  Recently,  however,  Rosenovv^^  has  attributed  the  re- 
sistance to  phagocytosis  offered  by  virulent  pneumococci  to  a  sub- 
stance called  by  him  "  virulin,"  which  he  believes  he  has  shown 
to  be  present  in  the  virulent  organisms  not  subject  to  phagocytosis 
and  to  be  absent  in  the  avirulent  ones ;  and,  moreover,  that  the  sub- 
stance may  be  separated  from  the  organisms  containing  it  through 
autolysis.  Similarly,  Tchistovitch  and  Jourevitch^^  have  stated 
that  virulent  pneumococci  may  be  rendered  subject  to  phagocytosis 
by  merely  washing  them  with  salt  solution  which  removes  a  sub- 
stance called  by  them  "antiphagine,"  upon  which  they  believe  the 
resistance  to  phagocytosis  depends. 

Studies  of  the  action  of  immune  or  antipneumococcus  serum  have 
succeeded  in  establishing  its  biological  properties  and  in  determin- 
ing that  its  protective  value  against  infection  is  slight.  Such  im- 
mune sera  exert  only  a  slight  agglutinating  action  upon  the  pneu- 
mococci and  are  devoid,  or  nearly  so,  of  antitoxic  and  bactericidal 
action.  They  differ  from  the  corresponding  normal  sera  chiefly  in 
their  content  in  bacteriotropin  or  opsonin,  through  which  they  pro- 
mote phagocytosis  to  a  greater  degree  than  normal  serum  does. 
It  is  true  that  when  immune  sera  are  injected  into  the  body  of 
certain  susceptible  animals  in  advance  of  the  inoculation  of  the 
pneumococci,  infection  is  sometimes  prevented,  which,  according  to 
Neufeld^*  and  his  pupils,  is  the  result  solely  of  the  action  of  the 
specific  bacteriotropin.  Yet  these  immune  sera  have  proven  pow- 
erless to  cure  an  established  pneumococcus  infection.  To  this 
statement  there  is,  possibly,  one  exception.  Romer^^  believes  that 
the  antipneumococcus  serum  is  effective  in  the  treatment  of  corneal 
ulcers  caused  by  the  pneumococcus. 

EXPERIMENTAL  OBSERVATIONS. 

With  our  present  knowledge,  we  must  view  the  power  of  an 

antipneumococcus  serum  to  promote  phagocytosis  as  the  index  of 

^Jour.  Infect.  Dis.,  1907,  iv,  285. 
"  Compt.  rend.  Soc.  de  bioL,  1908,  Ixiv,  1095. 
^  Ztschr.  f.  Inimunitdtsforsch.,  1909,  iii,  159. 

"  Sernmtherapie  der  Pneumokokkeninfektion  der  menschlichen  Cornea,  Wies- 
baden, 1909. 
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its  thcrapculic  activity,  and  we  must  also  view  the  property  of 
spontaneous  phagocytosis  of  the  pneumococci,  which  certain  ani- 
mals c'xhihit,  as  the  determining  cause  of  their  refractoriness  to 
infection.  The  only  known  exception  to  this  is  the  pigeon,  whose 
refractoriness  Strouse'^^  believes  to  be  due  to  its  normally  high  tem- 
perature. These  considerations  do  not  exclude  the  probability 
that  there  may  be  still  other  and  undetermined  factors  concerned  in 
the  prevention  of  infection  by  the  pneumococcus. 

Sodium  Olcatc  and  Lysis  of  the  Pneumococcus. — Although  an- 
tipneumococcus  serum  possesses  in  itself  neither  bactericidal  nor 
bacteriolytic  power,  we  have  found  that  when  it  acts  in  conjunction 
with  certain  chemical  substances,  it  comes  to  exert  both  of  these 
actions.  The  chemical  substances  which  we  have  studied  especially 
are  the  alkaline  soaps  of  oleic  acid.  That  vSoaps  are  bactericidal  for 
certain  bacteria,  namely,  the  bacilli  of  typhoid  fever,  anthrax,  and 
dysentery,  has  previously  been  shown  by  Noguchi.^'^  We  have 
noted  that  the  oleates  of  sodium,  ammonium,  and  neurin  are  bac- 
tericidal for  the  pneumococcus  also,  and  that  while  the  effects  are, 
in  general,  qualitatively  alike,  the  sodium  soap  is  perhaps  the  most, 
and  the  neurin  soap  the  least,  active  of  the  series.  In  the  experi- 
ments to  be  described,  sodium  oleate  was  employed  exclusively. 

In  the  experiments  virulent  pneumococci  have  been  subjected  to 
several  different  concentrations  of  sodium  oleate,  alone  and  in  con- 
junction wath  normal  and  immune  sera.  In  the  first  place,  in  order 
to  determine  the  effects  upon  the  pneumococci  of  the  soap  solutions 
alone,  they  have  been  added  to  broth  cultures,  and  microscopical 
studies  have  been  made  for  morphological  and  tinctorial  changes; 
and,  in  addition,  tests  w^ere  made  to  ascertain  the  viability  on  arti- 
ficial culture  medium  of  the  treated  diplococci,  as  well  as  their 
degree  of  virulence  for  rats  and  mice. 

The  virulence  of  the  cultures  employed  was  maintained  at  a 
high  point  by  daily  passage  through  mice.  The  greater  part  of 
our  studies  was  made  with  two  cultures,  designated  "  74 "  and 
"N.I,"  which  throughout  the  period  of  the  experiments  were  fatal 
in  doses  of  o.oooooi  cubic  centimeter  for  a  full  grown  mouse,  and 


"Loc.  cit. 

"  Biochem.  Ztschr.,  1907,  vi,  327. 
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o.ooooi  cubic  centimeter  for  a  grown  rat.  in  each  experiment  a 
culture  in  broth  eighteen  to  twenty- four  hours  old,  made  directly 
from  the  heart's  blood  of  a  ''passage"  mouse  was  employed,  and 
in  each,  control  animals  were  employed  to  guard  against  any  sud- 
den change  in  the  pathogenicity. 

When  sodium  oleate  is  added  to  a  broth  culture  of  the  pneu- 
mococcus  in  strengths  of  i  to  0.5  per  cent,  of  the  volume,  the  dip- 
lococci  are  killed  within  fifteen  to  thirty  minutes.  In  hanging- 
drop  and  film  preparations  the  diplococci  are  seen  to  disintegrate 
slowly  without  swelling.  To  the  naked  eye  the  mixture  clears 
only  slightly  and  becomes  viscid.  This  conversion  of  the  disinte- 
grated cocci  and  soap  into  mucin-like  material  is  more  strikingly 
apparent  when  the  number  of  cocci  in  the  mixture  is  increased,  as 
by  centrifugalizing  the  culture  and  resuspending  the  sedimented 
diplococci  in  broth  or  salt  solution  to  one-fourth  of  the  original 
volume  of  culture.  Then  nearly  the  whole  of  the  mixture  be- 
comes converted  into  a  thin  translucent  jelly  which  persists  un- 
changed for  two  days.  In  this  respect  the  action  of  sodium  oleate 
differs  strikingly  from  that  of  bile  w^hich  causes  complete  solution 
of  the  diplococci  and  renders  the  suspension  perfectly  clear,  trans- 
parent, and  limpid. 

Greater  dilutions  of  the  sodium  oleate  produce  less  profound 
changes  in  the  pneumococci,  and  wdien  the  dilution  of  the  soap  is 
greater  than  i  to  1,000,  the  pneumococci  are  not  killed  after  one 
hour's  contact.  When  such  mixtures  of  soap  and  culture  are  cen- 
trifugalized  at  a  high  rate  of  speed  the  pneumococci  collect  in 
the  bottom  of  the  tube  in  the  form  of  a  whitish  coherent  slimy 
mass,  which  upon  being  resuspended  in  salt  solution  may  be  readily 
broken  up  into  a  fine  suspension  resembling  the  original  culture. 

When  pneumococci  which  have  been  treated  with  sodium  oleate 
in  the  way  described  and  suspended  in  salt  solution  are  allowed  to 
undergo  autolysis,  it  is  found  that  they  disintegrate  more  quickly 
than  do  normal  pneumococci  of  the  same  origin  suspended  also  in 
salt  solution.  While  the  former  undergo  complete  disintegration 
in  a  few  hours  so  as  to  leave  the  fluid  clear,  the  latter  are  incom- 
pletely disintegrated  after  a  lapse  of  two  days. 

If  the  strength  of  the  sodium  oleate  is  still  further  reduced  to 
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dilutions  of  i  to  10,000,  15,000,  and  20,000,  the  exposed  cocci 
are  not  altered  in  niorpholoj:!^ical  appearance,  staining  properties, 
or  al)ility  to  grow  upon  artificial  culture  medium,  yet  they  still 
undergo  autolysis  with  much  greater  rapidity  than  the  untreated 
diplococci. 

Experiments  were  made  to  determine  whether  the  diplococci, 
which  were  obviously  altered  without  being  killed,  so  that  they 
underwent  more  rapid  autolysis,  would  also  show  greater  capacity 
for  phagocytosis.     The  experiments  were  made  as  follows : 

A  0.2  per  cent,  solution  of  sodium  oleate  was  added  to  broth  cul- 
tures to  produce  a  concentration  of  i  to  10,000  to  i  to  20,000  of  the 
soap.  After  one  hour's  contact  at  room  temperature  the  soap  and 
broth  were  removed  by  washing  the  pneumococci  twice  in  0.85 
per  cent,  salt  solution  in  a  centrifugal  machine  of  high  speed.  The 
treated  pneumococci  were  collected  and  made  into  a  fixed  suspen- 
sion in  salt  solution,  which  suspension  was  used  for  the  phagocytic 
tests.  These  tests  were  made  with  leucocytes  alone  and  with  leuco- 
cytes plus  normal  serum,  and  immune  serum.  Control  observations 
were  carried  out  with  pneumococci  of  the  same  source  which  had 
been  merely  washed  in  salt  solution.  No  phagocytosis  had  occurred 
in  any  of  the  preparations  after  the  expiration  of  thirty  minutes. 
On  the  other  hand,  while  the  number  of  diplococci  remained  un- 
changed in  the  control  tubes  and  in  the  mixture  of  leucocytes  and 
soaped  diplococci  alone,  the  tubes  containing  the  soaped  diplococci 
and  the  normal  and  immune  sera  showed  a  great  reduction  in  the 
number  of  organisms ;  indeed,  almost  all  had  disappeared.  Hence,  it 
appears  that  the  combined  action  of  soap  and  serum  led  to  a  marked 
solvent  or  bacteriolytic  effect  upon  the  pneumococci,  and  at  this 
early  period  in  the  observations  no  difference  was  noticeable  be- 
tw^een  the  action  of  the  normal  and  the  immune  serum.  But  at 
the  expiration  of  about  eighteen  hours  a  marked  difference  was 
apparent,  for  the  tube  containing  the  normal  serum  was  now  tur- 
bid, as  a  result  of  the  multiplication  of  the  small  number  of  dip- 
lococci wdiich  had  escaped  destruction,  while  the  tube  containing  the 
immune  serum  was  sterile,  since  all  of  the  diplococci  had  been  dis- 
solved. It  could  now  be  shown  that  in  the  solution  of  the  soaped 
diplococci  by  means  of  serum,  the  leucocytes  which  had  been  added 
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for  the  purpose  of  ascertaining  whether  the  treated  cocci  were 
phagocytable  played  no  part,  since  the  partial  solution  of  the  soaped 
organisms  by  the  normal  serum,  and  the  complete  solution  by  the 
immune  serum,  occurred  likewise  in  the  absence  of  the  leucocytes. 

THE  EFFECTS  OF  SOAPED  PNEUMOCOCCI   UPON   ANIMALS. 

The  preceding  experiments  were  next  modified  to  the  extent  that 
the  various  mixtures,  instead  of  being  allowed  to  remain  in  test 
tubes,  were  injected  into  the  peritoneal  cavity  of  rats  and  mice.  In 
order  to  follow  the  series  of  changes  taking  place  in  the  peritoneal 
cavity  and  to  compare  them  with  the  changes  occurring  in  test 
tubes,  fluid  was  withdrawn  by  means  of  capillary  tubes  at  various 
intervals  after  the  injection. 

In  the  case  of  the  soaped  pneumococci  there  appear  within  the 
first  few  hours  an  increasing  number  of  leucocytes,  and  there  takes 
place  a  rapid  reduction  in  the  number  of  organisms  injected.  In 
the  case  of  the  control  series,  in  which  pneumococci  merely  washed 
with  salt  solution  have  been  injected,  there  is  an  absence  of  marked 
leucocytic  exudation  and  an  early  and  rapid  multiplication  of  the 
diplococci.  Phagocytosis  is  only  occasionally  met  w^ith  in  the 
exudate  in  either  series  of  experiments.  At  the  expiration  of  about 
eighteen  hours  all  the  control  animals  are  found  to  have  succumbed 
to  a  pneumococcus  septicemia,  while  those  which  have  been  injected 
with  the  soaped  diplococci  alone  and  with  the  soaped  organisms 
combined  with  normal  serum  are  very  ill  or  dying,  and  the  peri- 
toneal exudate  obtained  by  means  of  capillary  tubes  contains  many 
pus  cells  and  innumerable  diplococci.  On  the  other  hand,  the  mice 
that  received  the  mixture  of  soaped  pneumococci  and  immune 
serum  are  not  noticeably  ill.  The  peritoneal  cavity,  moreover,  is 
found  to  contain  a  very  small  quantity  of  fluid  in  which  there  are 
no  diplococci,  very  few  pus  cells,  and  relatively  many  mononuclear, 
probably  desquamated  endothelial  cells,  which  often  contain  in- 
gested polymorphonuclear  leucocytes.  All  the  mice  of  the  exper- 
iment die  w^ithin  the  day  except  those  which  received  the  immune 
serum ;  they  recover.  The  .capacity  of  the  immune  serum  to 
render  innocuous  the  soaped  diplococci  is  very  great,  since,  when 
for  the  rat  the  culture  is  of  such  virulence  that  o.ooooi  cubic  centi- 
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meter  will  kill  a  grown  viit  within  two  days,  these  animals  with- 
stand under  the  conditions  mentioned  the  quantity  of  pneumococci 
contained  in  ten  to  fifteen  cubic  centimeters  of  the  original  culture. 
These  results  will  be  illustrated  by  a  protocol  which  follows : 

March  29,  1909.  I'lic  plain  l)roth  culture,  which  was  twenty-two  hours  old, 
was  made  from  the  heart's  blood  of  a  "  passage  "  mouse.  The  soap  solution  was 
freshly  prepared  with  Merck's  sodium  oleate.  The  serum  consisted  of  a  specimen 
of  normal  goal  serum  and  of  immune  goat  serum,  the  latter  prepared  by  inject- 
ing highly  virulent  pneumococci  intravenously  into  the  goat.  The  soap  solution 
was  added  to  the  broth  culture  in  such  quantity  as  to  bring  about  a  dilution  of 
I  to  20,000,  and  the  mixture  was  allowed  to  rest  for  one  hour  at  room  temperature 
before  being  centrifugalized.  The  diplococci  were  rapidly  washed  twice  with 
0.85  per  cent,  salt  solution  in  a  centrifugal  machine  of  high  speed.  The  sedi- 
mented  organisms  were  finally  suspended  in  salt  solution  in  such  a  manner  as  to 
make  each  0.5  c.c.  of  the  suspension  represent  15  c.c.  of  the  original  culture.  The 
control  observations  were  made  upon  pneumococci  treated  in  all  respects  in  a 
similar  manner,  except  that  they  had  not  been  subjected  to  the  action  of  the 
sodium  oleate.  Microscopical  examination  showed  no  appreciable  difference  in 
the  soaped  and  the  control  diplococci.  Equally  profuse  growths  were  obtained 
from  each  upon  glucose  serum  agar.  The  quantity  of  the  suspensions  injected 
into  the  peritoneal  cavity  of  each  rat  was  0.5  c.c. 

Table  I  summarizes  the  results  of  the  experiment. 


TABLE   I. 


Peritoneal  fluid  withdrawn. 

Result. 

4  hours. 

8  hours. 

21  hours. 

Rat4i. 

Control :  washed 

No  reduction  in 

Slight  increase 

Died,  I7brs. 

diplococci 

number  of 

in  number  of 

alone. 

cocci  ;  few 
polymorpho- 
nuclear leuco- 
cytes. 

cocci  ;   more 
p.n.l. 

Rat  37. 

Washed    diplo- 

No reduction  in 

Marked  in- 

Died, 19  hrs. 

cocci  -f-  im- 

number of 

crease  in 

mune  serum, 

cocci  ;  few 

number  of 

0.3  c.c. 

p.n.l. 

cocci ;  many 

Rat  36. 

Soaped  diplo- 

Few cocci ;  very 

Few  cocci;  very 

Abundant 

Died,  29  hrs. 

cocci  alone. 

few  p.n.l. 

few  p.n.l. 

growth  of 
cocci  ;  many 

Rat  44, 

Soaped  diplo- 

Marked reduc- 

Marked reduc- 

Abundant 

Died,  30  hrs. 

cocci  -f-  nor- 

tion in  number 

tion  in  num- 

growth of 

mal  serum, 

of  cocci  ;    few 

ber  of  cocci  ; 

cocci  ;  many 

0.3  c.c. 

p.n.l. 

more  p.n.l. 

p.n.l. 

Rat  47. 

Soaped  diplo- 

Only an  occa- 

No cocci  ;  more 

No  cocci  ; 

Recovered. 

cocci  -|-  im- 

sional  pair    of 

p.n.l. 

fewer  p.n.l. 

mune  serum, 

cocci ;  few 

0.3  cc. 

p.n.l. 
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The  animals  that  died  presented  at  autopsy  the  usual  findings  from  pneumo- 
coccic  septicemia.  Only  an  occasional  example  of  phagocytosis  in  the  peritoneal 
exudates. 

This  experiment,  which  is  taken  as  an  example  from  many  of 
the  same  kind,  shows  clearly  that  the  observations  made  in 
vitro  on  the  action  of  soaps  upon  the  pneumococci  are  applicable 
to  the  effects  produced  intra  vitam.  The  conclusion,  therefore,  is 
justified  that  under  the  influence  of  minimal  quantities  of  alkaline 
oleic  acid  soaps  the  pneumococci  are  so  modified  that  they  become 
more  subject,  not  to  phagocytosis,  but  to  increased  serum  lysis,  and 
that  the  effects  of  serum  in  this  respect  are  much  greater  in  the 
case  of  immune  than  in  the  case  of  normal  serum.  The  effect, 
moreover,  of  the  immune  serum  is  to  bring  about  the  disappearance 
of  the  diplococci  not  by  increasing  phagocytosis,  but  by  increasing 
lysis.  Hence  this  experiment  develops  an  important  fact  that  was 
not  ascertained  in  working  with  immune  serum  alone,  for  while  the 
greater  action  of  the  immune  serum  over  normal  serum  has,  up  to 
the  present,  been  attributed  to  its  greater  bacteriotropic  powers,  it 
now  appears  that  it  possesses  a  greater  lytic  power  as  well. 

THERAPEUTIC   OBSERVATIONS. 

Now  that  it  has  been  shown  that  the  combined  effects  of  sodium 
oleate  and  an  immune  antipneumococcus  serum  suffice  to  protect 
rats  which  otherwise  succumb  to  pneumococcus  infection,  when  the 
immune  serum  is  injected  simultaneously  with  the  soaped  diplococci, 
the  question  arises  whether  any  protection  can  be  secured  by  in- 
jecting the  immune  serum  at  a  later  period  and,  hence,  after  infec- 
tion has  already  been  accomplished.  When  the  above  experiment 
is  repeated  with  the  difference  that  the  injection  of  immune  serum 
is  made  after  that  of  the  soaped  diplococci,  it  has  been  found  that  it 
is  possible  to  prevent  infection  when  the  immune  serum  is  injected 
within  about  one  hour  after  the  pneumococci,  but  not  when  it  is 
injected  later  and  after  multiplication  has  already  begun.  Since 
the  pneumococci  employed  have  such  a  high  degree  of  virulence, 
and  the  progeny  of  the  soaped  opsonins  are  not  subject  to  serum 
lysis,  this  result  was  predictable. 

It  next  became  necessary  to  ascertain  w^hether  a  favorable  result 


Richard  V.  Lamar.  15 

could  be  achieved  when  mixtures  of  soap  and  immune  serum  were 
injected  into  animals  already  infected  with  untreated  virulent  pneu- 
mococci.  In  planning  experiments  of  this  kind  it  was  necessary 
Inst  to  take  into  account  the  already  ascertained  fact  that  bacter- 
iolysis and  hemolysis  by  means  of  soaps  are  inhibited  in  the  presence 
of  an  excess  of  protein  in  llie  form  of  serum.  Thus,  if  the  culture 
of  pneumococci,  serum,  and  solution  of  soap  be  mixed  together  at 
once,  the  diplococci  arc  not  acted  upon  by  the  soap  and  hence  are 
not  prepared  for  solution,  but  multiply  either  in  the  test  tube  or  in 
the  body  of  the  injected  animal,  in  the  latter  instance  causing 
death.  If,  therefore,  any  success  in  this  line  of  experiment  is  to  be 
achieved,  a  method  must  be  found  for  keeping  apart  the  soap  and 
the  serum  at  least  until  the  soap  has  had  time  to  unite  with  and 
act  upon  the  pneumococci. 

THE  PREVENTION  OF  PROTEIN  INHIBITION  OF  SODIUM  OLEATE. 

In  considering  the  factors  that  act  immediately  in  inhibiting  the 
action  of  the  soap  upon  the  diplococci  in  the  presence  of  serum,  the 
first  possibility  thought  of  related  to  the  calcium  salts,  which,  by 
reacting  wnth  the  sodium  oleate  might  give  rise  to  calcium  oleate. 
As  calcium  oleate  is  insoluble,  it  would  fail  to  act  upon  and  alter  the 
pneumococci.  An  effort  was  made,  therefore,  to  remove  the  calcium 
of  the  serum  by  means  of  sodium  oxalate;  this  oxalated  serum 
was  mixed  with  the  culture.  Sodium  oleate  was  then  added  in 
quantity  sufficient  to  kill  the  diplococci  during  one  hour's  con- 
tact in  the  absence  of  serum.  This  experiment,  which  was  re- 
peated, showed  immediately  that  other  factors  besides  the  calcium 
entered  into  the  reaction,  since  the  diplococci  w^ere  protected  from 
the  action  of  the  soap  by  oxalated  serum,  just  as  they  were  by  the 
native  serum. 

At  this  point  advantage  was  taken  of  an  observation  made  by 
von  Liebermann  and  von  Fenyvessy,^^  who  noted  that  the  inhib- 
itory effect  of  serum  upon  soap  hemolysis  could  be  prevented  by 
means  of  boric  acid.  The  preliminary  experiments  with  boric 
acid  showed  that  in  a  3  per  cent,  solution  this  chemical,  when  acting 
for  the  period  of  one  hour,  exhibited  no  appreciable  antiseptic  or 

^  Ztschr.  f.  Jmmunitatsforsch.,  1909,  ii,  436. 
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destructive  action  on  pneumococci.  It  could  now  be  shown 
that  when  boric  acid  was  added  to  the  serum  in  a  suitable  quantity, 
it  counteracted  almost  completely  the  inhibitory  effects  of  the 
serum.  The  optimum  quantity  of  the  boric  acid  for  the  quantities 
of  0.2  cubic  centimeter  of  serum  and  one  milligram  of  sodium  oleate 
proved  to  be  from  thirty  to  forty  milligrams.  When  less  than 
thirty  milligrams  was  employed,  the  inhibition  was  imperfect ;  when 
more  than  forty  milligrams  was  used,  the  boric  acid  itself  deterred 
the  action  of  the  soap,  and  its  effect  on  the  serum  inhibition  became 
obscured. 

Two-tenths  cubic  centimeter  of  serum,  three  milligrams  of  boric 
acid,  and  a  quantity  of  sodium  oleate  yielding  a  dilution  of  i  to 
i,ooo  are  allowed  to  act  upon  the  pneumococci;  it  is  found 
that  all  of  those  exposed  have  been  killed,  and  nearly  all  dissolved. 
When  less  than  thirty  milligrams  of  boric  acid  are  employed,  a  part 
only  of  the  pneumococci  are  killed  and  dissolved,  while  if  a  greater 
amount  be  used,  all  of  the  cocci  are  killed,  but  few  or  none  are  dis- 
solved. 

Experiments  10.14  and  10.15.  February  24,  25,  1910.  Materials  used:  a 
twenty-four  hour  plain  bouillon  culture  of  "  N.  1.21  "  made  from  the  heart's 
blood  of  a  "  passage  "  mouse,  o.oooooi  c.c.  fatal  for  a  mouse.  Freshly  prepared 
0.5  per  cent,  solution  of  sodium  oleate.  5  per  cent,  solution  of  boric  acid.  Normal 
goat  serum.  The  various  mixtures  are  made  in  test  tubes  and  allowed  to  remain 
for  one  hour.  Then  microscopical  preparations  and  transplantations  to  glucose 
serum  agar  are  made.  Afterwards  a  part  of  each  mixture  is  injected  into  the 
peritoneal  cavity  of  a  mouse  so  that  each  mouse  receives  0.5  c.c.  of  culture,  as 
shown  in  Table  II. 

Next,  it  was  observed  that  the  substitution  of  immune  antipneu- 
mococcus  serum  for  the  normal  serum  favors  the  destruction  of  the 
diplococci  and  consequently  the  recovery  of  the  inoculated  animals. 
The  difference  in  effects  between  the  normal  and  the  immune  sera 
in  these  experiments  is  less  striking  than  in  the  experiments  of 
Table  I,  for  the  reason  that  here  the  concentration  of  soap 
used  suffices  in  itself  in  the  absence  of  serum  to  destroy  the  bacteria, 
and  thus  masks  the  effects  of  the  immune  serum.  On  the  other 
hand,  the  greater  efficiency  of  the  immune  over  normal  serum  is 
showm  in  two  distinct  ways :  first,  by  the  smaller  quantity  of  boric 
acid  required  to  produce  a  given  result  with  immune  than  with 
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TABLE    II. 


Microscopical  preparations. 

Transplantatioas. 

Result. 

10.62 

Culture  -\-  soap  solution  ;  di- 

Outlines   of    cocci    lost; 

Sterile. 

Recov- 

lution, 1-1,000. 

small     cliromatin-stain- 
ing  masses  remain. 

ered. 

10.72 

Serum    ;   culture  -(-  soap. 

No  reduction  ;  no  morpho- 
logical change. 

Profuse  growth. 

Died,     17 
hrs. 

10.74 

Boric  acid  (lo  mg.)  -f  serum 

Marked  reduction  in  num- 

Profuse growth. 

Died,     18 

4"  culture  4-  soap. 

ber  ;  all  altered. 

hrs. 

io.7'> 

Boric  acid  (20  mg.)  -\-  scrum 

More   reduction  ;    all    al- 

Profuse growth. 

Died,     30 

4-  culture  -4-  soap. 

tered. 

hrs. 

10.78 

Boric  acid  (30  mg.)  -f-  serum 
-f-  culture   1   soap. 

Very  few  remain. 

3  colonies. 

Recov- 
ered. 

10.79 

Boric  acid  (40  mg.)  -j-  serum 

Only   an    occasional    pair 

I    colony    after 

Recov- 

-f- culture  -f  soap. 

remains. 

48  hrs. 

ered. 

10.80 

Boric  acid  (60  mg. )  r  serum 

Slight  reduction  in  num- 

Sterile. 

Died,     48 

-f  culture  -1-  soap. 

ber  ;  some  swollen. 

hrs. 

10.76 

Boric  acid    (60   nig.)  -•   cul- 
ture. 

No  change. 

Profuse  growth . 

Died,     16 
hrs. 

>o.73 

Boric    acid    (20   mg.)  -f-  cul- 

Few   pairs    left ;    all    al- 

Sterile. 

Recov- 

ture -|-  soap. 

tered. 

ered. 

10.77 

Boric   acid    (60  mg.)  -J-  cul- 

Little   or    no    reduction ; 

Sterile. 

Died,     67 

ture  4-  soap. 

some  swollen. 

hrs. 

All  the  animals  that  died,  except  Nos.  10.80  and  10.77,  presented  at  autopsy 
the  usual  findings  of  death  from  pneumococcic  septicemia.  Nos.  10.80  and  10.77 
died  from  the  toxicity  of  the  substances  which  were  injected,  and  not  from  infec- 
tion. In  each  there  was  a  barely  perceptible,  thin  peritoneal  exudate,  which  was 
sterile,  as  was  the  heart's  blood. 

normal  serum ;  and  second,  by  the  smaller  quantity  of  immune  than 
of  normal  serum  required  to  protect  the  animals  from  infection. 
The  former  fact  is  brought  out  by  the  experiment  summarized  in 
Table  III. 

Experiment  10.16.  February  28,  1910.  The  experiment  is  carried  out  in 
the  same  manner  as  experiments  10.14  arid  10.15,  except  that  immune  goat  serum 
is  substituted  for  the  normal  serum. 

TABLE   in. 


Microscopical  preparations. 

Transplantations. 

Result. 

10.8^ 

Boric  acid  (10  mg.)-^- immune 

Marked  reduction  in  num- 

Profuse growth. 

Recov- 

serum —  culture  -^  soap. 

ber  of  cocci ;  all  altered. 

ered. 

10.84 

Boric  acid  (20  mg  )  •   immune 
serum  -^  culture   •    soap. 

More  reduction. 

Scant  growth. 

Recov- 
ered. 

10.85 

Boric  acid  (30  mg.)  -  immune 
serum  -i-  culture  -•-  soap. 

Only  a  few  cocci  remain. 

I  colony. 

Recov- 
ered. 

10.86 

Boric  acid  (40  mg.)-|   immune 
serum  -\-  culture  -{-  soap. 

An  occasional  pair  seen. 

Sterile. 

Recov- 
ered. 

10.82 

Control :  boric  acid  (60  mg.)-^ 
immune  serum  -l  culture. 

No  change. 

Profuse  growth. 

Died,  17 
hrs. 

10.82:  autopsy  showed  usual  findings  of  pneumococcic  septicemia. 
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In  this  experiment  the  immunity  principles  of  the  serum  have  suf- 
ficed to  compensate  for  the  only  partial  removal  of  the  serum  in- 
hibition which  was  afforded  by  the  insufficient  quantities  of  boric 
acid,  for  although  viable  diplococci  were  still  present  in  mixtures 
10.83  and  10.84,  yet  the  injected  animals  recovered,  while  the  cor- 
responding ones,  10.74  and  10.75  o^  ^^^^  preceding  experiment  with 
normal  serum,  succumbed. 

The  second  way  in  which  the  superiority  of  the  immune  serum  is 
exhibited  is  illustrated  by  the  experiment  summarized  in  Table  IV, 
from  which  it  will  be  seen  that  smaller  quantities  of  immune  serum 
accomplish  what  it  is  impossible  for  even  larger  quantities  of  normal 
serum  to  do.  In  order  to  keep  the  conditions  of  the  experiment 
identical  throughout  and  to  secure  an  equal  quantity  of  protein,  nor- 
mal serum  was  added  to  the  immune  serum  to  make  the  quantities 
of  equal  volume  throughout,  namely,  0.2  cubic  centimeter,  which 
is  the  amount  required  for  complete  inhibition  of  the  action  of  the 
soap. 

TABLE   IV. 


10.94 
10.95 
10-96 

10.97 

10.98 

10.99 

10.100 

lO-IOI 


(Same  as  10.74).    Boric 

mal  serum  (0.2  c.c. )  - 
(Same  as  10.75).    I^oric 

mal  serum  (0,2  c.c. )  - 
Boric  acid   (10  mg.)  -j- 

c.c. )  -{-  normal  serum 

4-  soap. 
Boric   acid   (20  mg.)  -f 

c.c. )  +  normal  serum 

-f-  soap. 
Boric  acid   (lomg. )  -f- 

c.c. )  -f-  normal  serum 

-f-  soap. 
Boric  acid   (20  mg. )  -f- 

c.  c. )  -f-  normal  serum 

+  soap. 
Boric  acid   (10  mg. )  -j- 

c  c. )  -j-  normal  serum 

-f-  soap. 
Boric  acid   (  20  mg.  )  -\~ 

c.c.  )  -|-  normal  serum 

-j-  soap. 


acid  (10  mg. )  -\-  nor- 
f  culture  4"  soap, 
acid  (  20  mg. )  -f-  nor- 
j--  culture  4-  soap, 
immune  serum   (0.05 
(0.15  c.c. )   j-  culture 

immune  serum   (0.05 
(0.15  c.c. )  -4  culture 

immune  serum   (0.02 
(0.18  c.c.)  +  culture 

immune  serum   (0.02 
(0.18  c.c  )  -|-  culture 

immune  serum   (o.oi 
(o.  19  c.c. )  4-  culture 

immune  serum   (o.oi 
(0.19  c.c. )  +  culture 


Transplantations. 
Profuse  growth. 
Moderate  growth, 
Moderate  growth, 

Moderate  growth. 

Profuse  growth. 

Slight  growth. 

Profuse  growth. 

Slight  growth. 


Result. 


Died,  40  hrs. 
Died,  16  hrs. 
Recovered. 

Recovered. 

Died,  40  hrs. 

Died,  40  hrs. 

Died,  16  hrs. 

Died,  48  hrs. 


From  the  preceding  experiment  it  is  apparent  that  as  little  as  0.05 
cubic  centimeter  of  the  immune  serum  suffices  to  prevent  infection 
and  death  even  when  as  little  as  from  ten  to  twenty  milligrams  of 
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boric  acid  arc  used  in  combination;  while  the  larger  (|iianlity, 
namely,  o.J  cubic  centimeter,  of  normal  serum  under  the  same  con- 
ditions exerts  little  or  no  restraining  action  on  the  growth  and 
iut"ecti\ity  of  tlic  pncumococci. 

Tm-:KAri:r'n('  'iksts  with  serum,  soap,  and  i'.okic  acfd  MrxTi'RF-S. 

Now  that  it  has  been  ascertained  that  boric  acid  is  capable  of  pre- 
venting the  protein  inhibition  of  soap  in  vitro,  the  question  at  once 
presents  itself  as  to  whether  it  will  exercise  a  similar  effect  intra 
vitam,  and  if  so,  whether  use  can  be  made  of  soap  and  immune 
serum  mixtures  to  prevent  infections  with  the  pneumococcus.  With 
respect  to  tliis  ([uestion  it  can  be  stated  that  rats  which  have 
received  intraperitoneal  injections  of  several  times  the  fatal  dose 
of  a  virulent  culture  of  pneumococci  may  be  saved  from  fatal 
infection  by  the  subsequent  injection  of  an  appropriate  mixture 
of  immune  serum,  boric  acid,  and  sodium  oleate.  In  brief,  it 
has  been  found  that  when  what  we  shall  call  the  therapeutic  injection 
of  the  mixture  described  above  is  made  to  follow  immediately  the 
inoculation  of  the  pneumococci  or  is  made  within  one  hour  of 
the  inoculation  of  the  organisms,  all  of  the  animals  so  treated  sur- 
vive. When  the  treatment  is  postponed  longer,  so  that  the  interval 
between  the  inoculation  and  the  treatment  is  as  long  as  two  hours, 
about  one-half  of  the  treated  animals  survive,  and  when  the  treat- 
ment is  still  further  postponed,  the  results  are  less  satisfactory. 

The  experiment  summarized  in  Table  V  is  taken  from  a  series, 
all  the  experiments  of  which  resulted  similarly. 

Experiment  10.28.  April  25,  1910.  Materials  used:  a  twenty-four  hour  plain 
broth  culture  of  "  X.  1.78"  made  from  the  heart's  blood  of  a  "passage"  mouse; 
o.ooooi  c.c.  fatal  for  a  rat.  A  mixture,  each  cubic  centimeter  of  which  contains 
0.2  c.c.  of  immune  goat  serum,  0.6  c.c.  of  a  5  per  cent,  solution  of  boric  acid, 
and  0.2  c.c.  of  a  0.5  per  cent,  solution  of  sodium  oleate. 

The  experiment  was  performed  in  duplicate,  eight  white  rats 
being  used  in  each  series.  The  culture  was  injected  first  and  then 
the  therapeutic  mixture,  as  shown  in  Table  V. 

The  interpretation  of  the  results  of  the  therapeutic  experiments 
appears  to  be  as  follows : 
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TABLE  V. 


10.153  I        10,161      I   Control:  o.oi  c.c.  culture.  Hoth  died,  about  40  hrs. 

10.154  10.162         Control  :  o.  I  c.c.  culture.  1  0.154  died,  alxiut  18  hrs. ; 

10.162  died,  about  40  lirs 

10.155  10.163        0.01  c.c.  culture   |   0.5  c.c.  thera-      l>oih  recovered. 
[  peutic  mixture  immediately. 

10.156  10,164        O.I  c.c.  culture -f  0.5  c.c.   thera-      IJoth  recovered. 

peutic  mixture  immediately. 

10.157  10.165         0.01  c.c.  culture -|- 0.5  c.c.  thera-      10.157    recovered;      10.165 

peutic  mixture  2  hrs.  later.  ;       died,  3^  days. 

10.158  10.166        0.1  c.c.   culture  -I-  0,5  c.c.  thera-      10.158      died,     4>^     days; 

peutic  mixture  2  hrs.  later.  10. 166  recovered. 

10.159  10.167        O.OI  c.c.  culture  +  0.5  c.c.  thera-      Both  recovered. 
I  peutic  mixture  2  hrs.  and  24  hrs.  j 
!  later. 

10.160  io.i68        0.1   c.c.  culture  f  0.5  c.c.   thera- 
I  I       peutic  mixture  2  hrs.  and  24  hrs. 

later. 


10.160    recovered;     10.168 
died,  5  days. 


Althotigh  rat  10.165  had,  at  autopsy,  a  pneumococcic  peritonitis  and  septicemia, 
its  right  lung  was  the  seat  of  an  extensive  pseudo-tuberculosis,  which  is  common 
in  laboratory  rats,  and  which  may  have  contributed  to  its  death. 

In  inhibiting  the  union  of  sodium  oleate  with  the  serum  proteins, 
the  action  of  boric  acid  is  not  perfect.  It  depends  in  part  upon  the 
amount  of  protein  present  and  is  greatest  only  under  definite  con- 
ditions. Hence,  its  effects  intra  vitam  are  greater  during  a  period 
in  which  the  protein  of  the  serum  exuded  into  the  peritoneal  cavity 
is  not  excessive,  and  its  action  becomes  less  perfect,  and  hence  in- 
adequate, when  the  exudate  has  become  rich  in  serum  protein. 
Moreover,  the  degree  of  multiplication  of  the  pneumococci  must 
also  be  taken  into  account  since  the  action  of  the  therapeutic 
mixtures  upon  the  virulent  diplococci  is  not  indefinite;  and  in  the 
experiments,  multiples  of  the  fatal  dose  having  been  inoculated, 
account  must  be  taken  of  the  multiplication  occurring  within  the 
first  two  hours  following  the  infection,  which  multiplication  adds 
to  the  number  of  fatal  doses  present.  Even  the  forming  exudate 
in  the  peritoneal  cavity  is,  by  nature  of  the  anatomical  relations 
there  present,  likely  to  be  enclosed  by  adhesions  in  pockets  to 
which  the  therapeutic  mixture  may  not  have  free  access.  Finally, 
the  rat  is,  under  the  circumstances  of  the  experiment,  a  species 
highly  susceptible  to  infection,  and  particularly  to  septicemia; 
and  within  the  period  of  two  hours  the  pneumococci  injected 
into  the  peritoneal  cavity  have  gained  access  to  the  blood  and 
through  the  blood  to  the  internal  organs,  in  Avhich  situations 
they  are  not  readily,  if  at  all,  reached  by  the  therapeutic  mixture. 
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The  problem  i)rcsentc(l  in  the  rescue  of  these  animals  from  a  fatal 
infection  is  a  severe  one  as  compared  with  that  presented  by  local 
affections  due  to  the  pneumococcus  occurring  in  larger  animals  sub- 
ject to  spontaneous  infection. 

MECHANISM    OF  THE   PROCESS. 

The  precise  mechanism  of  the  combined  action  of  sodium  oleate 
and  immune  serum,  through  which  the* growth  of  the  pneumococci 
is  so  greatly  restrained  and  their  solution  so  much  promoted,  should 
be  discussed.  That  the  dilute  solutions  of  the  alkaline  oleates  pro- 
duce definite  and  marked  changes  in  the  organisms  that  do  not 
directly  affect  their  viability  is  obvious.  These  changes  are  pro- 
found enough  to  bring  the  viable  pneumococci  w^ithin  the  dissolv- 
ing sphere  of  serum,  from  which  it  would  appear  that  one  effect,  at 
least,  of  the  sodium  oleate  is  to  render  the  organisms  more  pervious 
for  the  serum.  We  wish  to  suggest  that  this  action  of  the  soap 
is  connected  in  some  degree  with  the  lipoidal  constituent  of  the  or- 
ganisms and  possibly  with  the  moiety  contained  within  their  outer 
membranes  which,  under  the  influence  of  the  soap,  having  become 
attenuated  or  partly  dissolved,  permit  ingress  of  the  serum.  To 
this  conception  of  the  manner  of  action  of  the  soap  w^ould  conform 
the  greater  tendency  of  the  soaped  pneumococci  to  undergo  autoly- 
sis, since  the  weakening  of  the  lipoidal  barrier  would  favor  the 
action,  in  the  manner  described  by  Hans  Meyer,^^  of  the  autolytic 
ferments  upon  the  bacterial  cell.  The  bacterial  cells  thus  altered  by 
the  action  of  the  soap  become  apparently  more  pervious  to  an  im- 
mune than  to  a  normal  serum,  doubtless  because  of  the  presence 
in  the  former  of  principles,  possibly  of  colloidal  nature,  which  favor 
its  entrance  into  the  bacterial  cell.  Doubtless,  also,  the  specific 
immunity  principle  exercises  directly  a  destructive  action  upon  the 
pneumococci.  for  the  completion  of  which  complement  would  seem 
not  to  be  required. 

Further  experiment  is  required  in  order  to  ascertain  to  what  ex- 
tent the  peculiar  action  of  the  alkaline  soaps  described  is  applicable 
to  other  members  of  the  group  of  the  pyogenic  cocci.  In  this  con- 
nection it  should  be  recalled  that  the  pneumococcus  has  already  been 

"  Miinchen.  med.  Wchnschr.,  1909,  Ivi,  1577. 
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distinguished  from  other  pyogenic  cocci  by  reason  of  the  fact  that  it 
is  subject  to  solution  by  bile,  while  the  others  are  not.  Studies  are 
in  progress  for  the  purpose  of  determining  the  manner  of  reaction 
of  other  members  of  the  pyogenic  bacterial  group  to  the  alkaline 
soaps. 

CONCLUSIONS. 

Highly  dilute  solutions  of  the  alkaline  oleates,  which  do  not  suf- 
fice to  alter  appreciably  the  morphology  or  reproductive  power  of 
the  pneumococci,  nevertheless  produce  profound  changes  in  their 
structure. 

Pneumococci  treated  with  sodium  oleate  become  more  subject  to 
autolysis,  as  is  indicated  both  by  the  rapidity  and  the  perfection  of 
the  process  of  self-digestion,  and  at  the  same  time  they  become 
subject  to  serum-lysis. 

The  serum-lysis  of  the  soaped  pneumococci  tends  to  be  incom- 
plete with  normal  serum  and  to  be  perfect  with  an  immune  anti- 
pneumococcus  serum.  When  normal  serum  is  employed,  the  sur- 
viving pneumococci  subsequently  multiply  either  in  the  test  tube  or 
in  the  animal  body,  in  the  latter  case  producing  fatal  infection. 
When,  on  the  other  hand,  an  immune  serum  is  employed,  lysis  is 
complete,  no  multiplication  occurs,  the  test  tube  mixture  is  ster- 
ilized, and  the  inoculated  animal  is  protected  from  infection. 

The  inhibition  of  their  activity  which  the  soaps  ordinarily  suffer 
in  the  presence  of  protein,  can  be  prevented  by  the  addition  of  an 
appropriate  quantity  of  boric  acid,  so  that  suitable  mixtures  of 
serum,  soap,  and  boric  acid  can  continue  to  exert  a  deleterious  and 
solvent  influence  on  the  pneumococci,  and  the  effect  is  greater  when 
immune  serum  is  employed  in  the  mixtures. 

Infection  can  not  only  be  prevented  when  the  mixture  of  im- 
mune serum,  soap,  and  boric  acid  is  added  to  the  pneumococci  before 
injection  into  the  peritoneal  cavity  of  small  animals,  but  the  in- 
fection can  likewise  be  prevented  w^hen  a  therapeutic  injection  of 
a  mixture  of  the  three  substances  mentioned  is  made  to  follow  the 
inoculation  of  normal,  highly  virulent  diplococci.  The  limits  of 
the  activity  of  the  therapeutic  mixture  are  determined,  in  part  by  the 
amount  of  protein  to  be  overcome,  and  in  part  by  the  peculiarities 
of  the  infection  occurring  in  highly  susceptible  animal  species. 
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The  virnlciicc  of  llic  pncuniococci  is  sonicwhal  diminished  by  the 
soap  Ireaiment,  Inil  the  treated  organisms  are  not  rendered  more 
subject  to  phagocytosis. 

It  would  appear  that  the  action  of  the  soap  is  exerted  upon  the 
lipoidal  moiety  of  tlie  bacterial  cells,  through  which  they  are  ren- 
dered more  pervious  to  serum  constituents  and  brought  under  their 
deleterious  and  dissolving  influence.  The  changes  in  the  pneu- 
mococci  here  described  probably  have  a  prototype  in  the  resolving 
exudate  of  a  pneumonic  process,  so  that  it  may  be  considered  that 
they  occur  in  the  animal  body  in  the  course  of  spontaneous  infec- 
tion and  constitute  one  of  the  conditions  of  the  conquest  of  the  or- 
ganism by  the  body's  forces.  A  certain  conformity  exists  between 
the  manner  of  destruction  of  the  pneumococci  in  a  pneumonic  exu- 
date and  that  in  the  artificially  prepared  soap-serum  mixtures. 

In  order  to  imitate  outside  of  the  body  the  conditions  of  the  re- 
moval of  pneumococci  within  the  body,  it  does  not  suffice  merely  to 
study  the  reactions  to  leucocytes  and  serum  and  to  conclude  from 
these  reactions  the  means  which  the  body  employs  for  the  disposal 
of  the  diplococci;  but  it  is  necessary  to  invoke  still  other  factors, 
among  which  are  the  effects  of  chemical  substances  present  in  exu- 
dates, of  which  the  soaps  represent  one  class.  The  failure  hitherto 
to  unify  the  reactions  in  test  tubes  with  those  occurring  in  the  body 
in  connection  with  the  pneumococcus  may  be  due  to  the  fact  that 
account  was  not  taken  of  this  class  of  chemical  bodies. 

Whether  the  principle  here  presented  can  be  made  applicable  to 
the  treatment  of  local  pneumococcus  infections  in  human  beings  is 
a  pressing  question.  Its  application  to  the  treatment  of  local  in- 
fections, to  the  seats  of  which  the  serum,  soap,  and  boric  acid  mix- 
tures can  be  directly  applied,  particularly  after  evacuation  of  an 
inflammatory  exudate,  seems  to  offer  promise. 


[Reprinted  !rom  Journal  of  Experimental  Medicine,  Vol.  XIII.,  No.  i,  191 1.] 
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3.  The  association  between  clinical  conditions  and  the  antigenic  and  iodine 
values  of  the  aceton-insoluble  fractions.     Table  III, 
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STANDARD  ANTIGEN   FOR   NOGUCHFS   METHOD. 

SUMMARY. 

INTRODUCTION. 

The  mechanism  of  the  W^assermann  reaction  is  still  unsolved. 
We  know  merely  this :  that  complement  in  the  presence  of  syphilitic 
anti^^^en  may  be  rendered  inactive  by  one  or  more  substances  in  the 
body  fluids  of  a  syphilitic  or  parasyphilitic  patient.  Our  present 
paper  deals  with  the  nature  of  these  antigenic  substances. 

Wassermann,  Neisser,  and  Bruck  discovered  that  the  aqueous  ex- 
tract of  the  liver  of  a  congenitally  syphilitic  fetus  possessed  antigenic 
properties.     Ladislaus  Detre  found  independently,  and  almost  si- 

*  Received  for  publication,  September  21,  1910. 
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multaneously,  a  similar  property  in  the  extracts  prepared  from 
condyloma  and  other  syphilitic  tissues.  Subsequent  investigations 
of  Marie  and  Levaditi  brought  out  the  fact  that  an  aqueous  extract 
of  a  non-syphilitic  liver  has  a  weaker  but  similar  action. 

A  remarkable  revelation  soon  followed  through  the  studies  of 
Landsteiner,  MiiUer,  and  Potzl,  and  later  through  those  of  Meier 
and  Porges,  who  discovered  that  the  antigenic  substances  can  be 
extracted  by  means  of  alcohol  from  the  human  or  animal  liver  or 
heart.  This  finding  has  opened  up  an  entirely  new  phase  of  the 
doctrine  of  the  well  known  phenomenon  of  complement  fixation, 
and  separates  the  Wassermann  reaction  from  the  classical  examples 
of  the  Bordet-Gengou  reaction  due  to  specific  antigens  and  anti- 
bodies. 

Additional  studies  by  Levaditi  and  Yamanouchi,  Meier  and 
Bauer,  Fleischmann,  Sachs  and  Rondoni,  Noguchi,  Browning  and 
McKenzie,  Leathes  and  Fitzgerald,  and  many  others,  confirmed  and 
extended  the  original  observations  of  Landsteiner,  Miiller,  and 
Potzl,  and  of  Porges  and  Meier.  As  the  result  of  these  researches, 
the  following  facts  may  be  considered  as  established :  the  Wasser- 
mann reaction  can  be  produced  with  lecithin,  certain  phosphatids  of 
liver,  heart,  or  kidney,  and,  in  a  lesser  degree,  with  certain  bile  salts, 
all  of  which  substances  are  extractable  with  alcohol.  It  is  also  con- 
tended that  the  entire  alcoholic  extract  of  organs,  lecithins,  and  some 
phosphatids,  do  not  give  as  high  a  percentage  of  positive  reactions 
in  syphilis  or  metasyphilis  as  a  suitable  aqueous  extract  of  syphilitic 
fetal  liver.  This  seems  to  indicate  that  the  aqueous  extract  contains 
something  in  addition  to  the  lipoids  and  salts  which  makes  the  reac- 
tion stronger  and  more  specific.  This  assumption,  however,  has 
not  been  proved. 

It  is  well  known  that  some  specimens  of  congenitally  syphilitic 
fetal  livers  do  not  manifest  antigenic  properties.  One  is  compelled, 
therefore,  to  make  a  thorough  trial  before  concluding  that  an  ex- 
tract may  be  used  as  antigen. 

In  the  case  of  aqueous  extracts,  the  selection  of  a  suitable  one 
requires  much  care.  The  same  care  has  not  been  exercised  in  select- 
ing alcoholic  extracts  and  lipoids.  In  the  case  of  the  lipoids,  espe- 
ciallv  lecithin,  this  lack  of  precaution  is  due  largely  to  the  use  of  a 
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definite  chemical  term.  When  speaking  of  lecithin,  one  is  accus- 
tomed to  think  of  it  as  a  chemical  and  to  overlook  its  biological 
properties.  "Phc  same  is  true  of  phosphatids.  This  chemical  inter- 
pretation of  the  terms  has  led  many  investigators  to  rely  on  any 
preparation  of  lecithin  or  phosphatids  of  tissues  without  biological 
discrimination.  A  worker  often  uses  lecithin  because  it  has  been 
recommended  by  some  investigators.  Noguchi,  who  has  been  criti- 
cised for  recommending  lecithin,  has  always  coui)led  the  term  with 
**  selected."  For  this  and  other  reasons  he  no  longer  employs  the 
term  lecithin  in  designating  the  aceton-insoluble  fraction  of  tissue 
lipoids. 

In  testing  lipoids  derived  from  beef  kidney  and  fractionated  in 
twenty-one  different  ways  by  Professor  Edward  K.  Dunham, 
one  of  us  (Noguchi)  found  that  only  nine  possessed  antigenic 
properties.  Of  the  nine,  three  were  soluble  in  aceton  and 
six  (phosphatids)  were  insoluble.  Only  one  of  the  latter  was  com- 
posed of  lecithin.  Noguchi  found,  moreover,  on  comparing  the 
aceton-insoluble  fraction  of  the  blood  clot  and  serum  of  syphilitic 
and  normal  persons  with  the  corresponding  fractions  of  syphilitic 
and  normal  livers,  that  the  antigenic  activity  of  the  former  was  not 
inferior  to  that  of  the  latter.  Moreover,  the  aceton-soluble  frac- 
tion of  the  liver  and  especially  that  of  the  blood  coagulum  and  serum 
possessed  antigenic  properties.  After  studying  its  hemolytic  and 
anti-complementary  properties,  Noguchi  advised  the  exclusive  use 
of  the  aceton-insoluble  fraction  instead  of  the  entire  unfractionated 
alcoholic  extract,  for  the  reason  that  the  aceton-insoluble  lipoids 
possess  the  highest  antigenic  action  and  are  unaccompanied  by  other 
undesirable  properties.  By  eliminating  the  other  constituents  (such 
as  neutral  fats,  fatty  acids,  soaps,  and  certain  proteid  materials) 
contained  originally  in  the  alcoholic  extract,  Noguchi  succeeded  in 
avoiding  the  non-specific  complement  fixation  which  occasionally 
occurred  in  unheated  human  serum.  Here  arose  the  important  ques* 
tion :  What  is  the  criterion  by  which  one  can  judge  the  antigenic 
fitness  of  the  aceton-insoluble  fraction?  Noguchi  had  met  with  a 
number  of  preparations  which  were  unsuitable  either  on  account  of 
the  total  absence  or  weakness  of  the  antigenic  properties  or  on  ac- 
count of  the  presence  in  the  emulsion  of  some  hemolytic  or  anti- 
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complenientary  substance.  These  irregularities  made  it  necessary 
to  study  analytically  a  large  number  of  tissues  with  special  refer- 
ence to  the  composition  of  the  alcoholic  extract — the  antigenic, 
hemolytic,  and  anticomplementary  properties  of  different  fractions, 
and  the  chemical  constitution  of  the  more  important  ones. 

These  were  the  problems  which  confronted  us  and  they  have  led 
to  the  work  which  forms  the  basis  of  the  present  article.  We  be- 
lieved that  it  was  a  matter  of  great  importance  to  approach  the 
question  experimentally,  for  reducing  the  problem  to  a  biochemical 
basis  removes  from  the  Wassermann  reaction  its  chief  difficulty. 

METHOD   OF   STUDY. 

EXTRACTION    AND    FRACTIONATION. 

The  organ  was  cut  into  very  small  pieces,  mixed  with  four  volumes  of  95 
per  cent,  alcohol  and  preserved  in  a  sealed  jar.  With  occasional  shakings,  it 
was  left  at  room  temperature  for  six  to  seven  weeks.  The  alcohol  was  then 
passed  through  filter  paper  and  a  second  extract  was  made  by  treating  the  resi- 
due with  four  volumes  of  absolute  alcohol  at  37°  C.  for  four  days,  with  daily 
shaking.  The  second  extract  was  collected  by  filtration,  united  with  the  first 
and  the  whole  was  placed  in  a  very  wide  crystallization  dish  and  evaporated 
by  means  of  a  current  of  air  at  37°  C.  After  desiccation  the  sticky  mass  was 
weighed  and  then  treated  repeatedly  with  ether  to  separate  the  ether-soluble 
substances.  The  ether-insoluble  part  was  weighed  and  the  ether-soluble  portion 
was  evaporated  and  weighed  and  then  dissolved  in  a  small  quantity  of  ether  and 
mixed  with  ten  volumes  of  water-free  aceton.  The  large  amount  of  precipitate 
formed  was  usually  separated  by  careful  decantation — sometimes,  however, 
filtration  through  hardened  filter  paper  was  necessary.  The  aceton-insoluble  pre- 
cipitate (phosphatids)  was  collected,  freed  from  aceton  by  evaporation,  and 
weighed.  The  aceton-soluble  fraction  (neutral  fats,  fatty  acids,  cholesterin,  etc.) 
was  freed  from  aceton  by  evaporation  and  weighed. 

The  various  fractions  derived  from  the  tissue  may  be  represented  schemati- 
cally as  follows : 

Tissue 

I 

Alcoholic  extract 


I 1 

Ether-insoluble  fraction        Ether-soluble  fraction 

I 


I  I 

Aceton-insoluble   fraction  Aceton-soluble  fraction. 


Ilideyo  Noguclii  and  J.   Bronfenhrenner,  47 

The  inotliod  iiulicatcd  above  was  considered  sufficiently  accurate  for  our 
purpose,  as  we  intended  to  resort  to  a  more  thorouj^h  analysis  in  our  next 
undertakinj^. 

The  solubility  in  hot  alcohol  oi  the  ethcr-insolul)le  fraction  was  ascertained 
for  a  few  specimens.  The  fractions  soluble  and  insoluble  in  hot  alcohol  proved 
to  be  soluble  in  water.  The  insoluble  fraction  is  composed  of  certain  protein 
substances  which,  together  with  various  salts,  are  held  in  apparent  solution  in 
the  alcoholic  extract.  The  hot  alcohol-soluble  fraction  is  composed  chiefly  of 
salts  of  saturated  and  unsaturated  fatty  acids  and  of  bile  acid  salts. 

The  substances  contained  in  the  fractions  soluble  and  insoluble  in  hot  alcohol 
are  important  sources  of  error  in  complement  fixation  tests. 

IODINE    VALUE    AND    ACIDITY. 

The  iodine  value  of  the  aceton-insoluble  fraction  of  each  undehydrated  speci- 
men was  determined  by  the  method  of  Hiibl.  For  this  purpose  the  light  brown- 
ish mass,  which  had  been  under  a  layer  of  water-free  aceton  in  a  sealed  tube, 
was  taken  out  of  aceton  and  air-dried  until  the  aceton  evaporated.  This  re- 
quired about  fifteen  minutes. 

The  acidity  of  the  aceton-soluble  fraction  was  determined  after  the  aceton 
had  been  completely  evaporated.  The  oily  substance  was  weighed  out  and  0.025 
gm.  was  dissolved  in  10  c.c.  of  ethyl  alcohol  and  the  amount  of  N/ioo  potassium 
hydroxide  necessary  to  neutralize  i  c.c.  was  determined,  the  indicator,  phenol- 
phthalein,  remaining  red  for  one  minute, 

BIOLOGICAL    PROPERTIES. 

Systematic  and  parallel  examinations  were  made  to  determine  the  inherent 
hemolytic,  the  anticomplementary,  and  the  antigenic  properties  of  the  fractionated 
fats  and  lipoids. 

Preparation  of  Emulsions. — The  emulsions  were  uniformly  0.25  per  cent., 
that  is,  0.025  gm,  of  material  was  suspended  in  10  c.c.  of  a  0,9  per  cent,  sodium 
chloride  solution.  In  the  case  of  the  aceton-soluble  fraction,  however,  accurate 
work  was  impossible,  for,  in  isotonic  salt  solution  (0.9  per  cent,  sodium  chloride), 
it  proved  exceedingly  difficult  to  make  a  stable  emulsion  of  this  fraction.  The 
aceton-insoluble  fraction,  however,  easily  emulsified  by  mixing  salt  solution 
with  a  concentrated  solution  of  the  material  in  ether  or  alcohol.  Even  when  the 
material  was  not  completely  soluble  in  ether  or  alcohol,  a  good  emulsion  was 
obtained  by  adding  salt  solution.  The  emulsions  of  the  latter  were  clear  and 
opalescent.  They  were  usually  neutral  to  litmus  and  remained  stable  during 
many  months. 

Eihcr-insoluble  Fraction. — The  quantity  of  ether  insoluble  material  obtained 
from  different  livers  varied  greatly.  Autolyzed  organs  yielded  the  largest 
amount. 

The  biological  factors  in  the  ether  insoluble  fraction  were  not  studied  system- 
atically in  the  experiments  here  reported.  One  of  us  (Noguchi),  however, 
had  already  made  a  special  examination  of  it  and  found  that  the  hot  alcohol- 
insolublc  material  of  this  fraction  sometimes  caused,  with  a  certain  human  serum, 
a  non-specific  fixation  of  complement,  and  that  the  hot  7i\coho\-soluble  fraction 
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always  exhibited  a  powerful  hemolytic  property.  The  amount  of  the  hot 
alcohol-soluble  fraction  in  the  ether-insoluble  material  varied  greatly,  being 
sometimes  very  small,  sometimes  large. 

Determination  of  the  Biological  Properties. — (a)  To  determine  the  inherent 
hemolytic  property,  gradually  increasing  fractions  of  i  c.c.  of  the  emul.si<jii>i 
were  put  into  a  series  of  test  tubes  and  0.9  per  cent,  sodium  chloride  solution  was 
added  to  bring  the  contents  of  each  tube  up  to  i  c.c.  Into  each  tube  was  then 
introduced  0.1  c.c.  of  a  10  per  cent,  suspension  of  washed  human  corpuscles.  The 
tubes  were  shaken  and  incubated  at  37°  C.  for  two  hours.  The  quantities  of 
emulsion  in  the  table  are  for  complete  hemolysis. 

(t)  To  determine  the  anticomplementary  property,  increasing  fractions  of 
I  c.c.  of  the  emulsions,  as  above,  were  placed  in  a  series  of  tubes,  and  then  into 
each,  one  unit  of  complement  (fresh  guinea  pig  serum),  usually  o. i  c.c.  of  a  20 
per  cent,  dilution,  was  introduced  and  enough  salt  solution  was  added  to  make 
the  contents  of  each  tube  equal  to  i  c.c.  The  tubes  were  incubated  at  37°  C. 
for  one  hour  in  an  air  thermostat,  or  for  thirty  minutes  in  a  constant  tempera- 
ture water  bath.  After  incubation,  to  each  tube  o.i  c.c.  of  a  10  per  cent,  sus- 
pension of  washed  human  corpuscles  and  one  unit  of  antihuman  amboceptor 
(rabbit)  were  added.  The  mixture,  with  frequent  shakings,  was  now  incubated 
for  two  hours,  and  the  result  was  recorded.  The  quantities  of  emulsion  given 
in  the  table  are  for  complete  inhibition. 

(c)  To  determine  the  antigenic  property,  a  mixture  of  strongly  positive  syphi- 
litic sera  from  six  or  more  persons  was  employed.  These  sera  were  usually 
active,  but  sometimes  they  were  inactivated  (i.  e.,  when  anticomplementary). 
It  was  necessary,  first,  to  determine  the  smallest  amount  of  serum  capable  of 
causing  complete  fixation,  that  is,  the  unit  of  syphilitic  antibody.  In  order  to 
do  this,  it  was  necessary  to  have  a  standard  antigen  emulsion.  This  we  had,  and 
its  strength  and  quality  had  been  proved  in  connection  with  an  innumerable  num- 
ber of  positive  as  well  as  non-syphilitic  sera.  In  this  way  we  determined  the 
smallest  quantity  of  syphilitic  serum  (antibody)  that  could  be  detected  by  using 
a  good  antigen,  and  this  quantity  of  the  serum  was  used  for  testing  the  strength 
of  our  different  preparations  of  emulsion.  In  our  tests  gradually  increasing 
quantities  of  the  emulsion  were  measured  into  a  series  of  test  tubes,  to  which 
were  also  added  one  unit  of  syphilitic  antibody  and  two  units  of  complement, 
that  is,  0.1  c.c.  of  a  40  per  cent,  dilution  of  fresh  guinea  pig  serum.  As  usual, 
the  contents  of  each  tube  were  made  equal  to  i  c.c.  by  adding  salt  solution.  The 
mixture  was  incubated  at  37°  C.  for  one  hour,  and  then  o.i  c.c.  of  a  10  per  cent, 
suspension  of  washed  human  corpuscles  and  two  units  of  antihuman  amboceptor 
were  added  to  each  tube.  The  second  incubation  was  for  two  hours.  The  results 
were  taken  a  few  hours  after  stopping  the  incubation. 

The  quantities  of  emulsion  recorded  in  the  accompanying  table  are  those 
which  caused  complete  fixation.  The  largest  amount  of  emulsion  employed 
was  0.4  c.c,  and  any  emulsion  which,  in  this  quantity,  failed  to  cause  fixation 
was  regarded  as  possessing  no  antigenic  property. 

MATERIAL   FOR    INVESTIGATIONS. 
Animal  and  human  livers  and  animal  hearts  and  brains  were  studied.     The 
total  number  of  all  tissues  investigated  was  eighty-seven.     Animal  livers  were 
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obtained  fresh  in  the  hihoratories  of  llic  Rockefeller  Institute  and  placed  at  once 
in  alcohol  (()5  i)er  cent.).  To  our  collection  Dr.  Dochcz,  of  the  Institute, 
kindly  added  the  alcoholic  extract  of  an  autoly/.ed  dog  liver. 

Livers  were  secnred  from  the  following  animals:  rabbits,  4;  guinea  pigs,  5; 
and  dogs,  4.  In  addition  to  these,  brains  were  obtained  from  eight  guinea  pigs 
and  two  dogs,  and  hearts  from  eight  guinea  pigs.  On  account  of  their  small- 
ness  the  brains  and  hearts  of  the  guinea  pigs  were  extracted  together. 

Human  livers  were  secured  through  the  courtesy  of  Dr.  James  W.  Moore, 
Central  I  slip  State  Hospital,  New  York;  Dr.  Charles  Rusk,  Manhattan  State 
Hospital,  New  York;  Dr.  John  A.  Wiseman,  Kings  Park  State  Hospital,  New 
York;  Dr.  Martha  Wollstein,  Babies'  Hospital,  New  York  City;  Dr.  Mortimer 
Warren,  Roosevelt  Hospital,  New  York  City;  and  Dr.  Benjamin  Schwartz, 
Bcllcvue  Hospital,  New  York  City.  For  their  kind  cooperation  we  wish  to 
express  our  thanks. 

The  human  livers  were  obtained  from  patients  who  had  suffered  with  the 
following:  dementia  paralytica,  16;  dementia  precox,  8;  dementia  senilis,  2; 
manic  depressive  insanity,  i;  senile  psychosis,  10;  epileptic  psychosis,  i;  cerebral 
hemorrhage,  i;  pulmonary  tuberculosis,  4;  tubercular  meningitis,  2;  tubercular 
peritonitis,  i;  erysipelas,  2;  acute  peritonitis,  4;  lobar  pneumonia,  3;  broncho- 
pneumonia, I  ;  acute  enteritis,  i ;  carcinoma  ventriculi,  i ;  cirrhosis  of  liver,  i ; 
pulmonary  thrombosis,  i ;  insufficiency  of  mitral  and  aortic  valves,  i ;  congenital 
heart  malformation,  i ;  severe  anemia,  i ;  cerebral  abscess,  i ;  uremia,  i ;  and 
chronic  alcoholism,  i.  Livers  were  also  secured  from  an  undiagnosed  psychi- 
atric patient,  from  an  imbecile,  from  a  nine  months  fetus,  and  from  a  premature 
child.  The  total  number  of  human  livers  employed  in  these  experiments  was 
seventy. 

With  one  exception  all  autopsies  were  performed  within  twenty-four  hours 
after  death.  In  the  exceptional  case  eighty-two  hours  had  elapsed.  The  livers 
were  collected  at  autopsy  and  put  immediately  into  four  volumes  of  95  per 
cent,  alcohol. 

Our  complete  experimental  protocols  are  given  in  one  general 
table  and  the  results  are  described  in  the  following  pages.  The 
results  are  further  analyzed  according  to  certain  special  considera- 
tions, such  as  the  frequency  and  distribution  of  various  biological 
properties  of  the  fractionated  tissue  extracts,  with  reference  to  clin- 
ical diagnosis,  pathological  conditions  of  the  tissues,  and  the  age  of 
the  i)atients. 

RESULTS    OF    EXPERIMENTS. 
I.    GENERAL  PRESENTATION  AND  DISCUSSION  OF  RESULTS. 

In  Table  I  we  have  brought  together  all  experimental  data  in  such 
form  that  one  can  easily  see  the  quantities  of  the  different  frac- 
tions of  our  tissues  and  their  biological  properties.  It  also  gives 
the  iodine  number  and  acidity  of  some  of  the  fractions  of  each 
specimen. 
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Summarizing  the  results  recorded  in  Table  I,  the  following 
figures  for  the  alcohol-extractable  constituents  are  obtained : 

2,081  grams  of  liver  (70  different  specimens  from  man)  yielded: 

(^)   17550  grams  of  substances,  equal  to  8.4  per  cent.,  which  was  divided  into 

(b)  60.48  grams  of  ether-insoluble  substances,  equal  to  2.9  per  cent.,  and 

(c)  112.87  grams  of  ether-soluble  substances,  equal  to  5.4  per  cent.,  of  which 

(d)  58.91  grams  were  aceton-insoluble,  equal  to  2.8  per  cent.,  and 

(e)  61.24  grams  were  aceton-soluble,  equal  to  2.9  per  cent. 

363  grams  of  animal  liver  (four  rabbits,  five  guinea  pigs,  three 
dogs)  yielded: 

(a)   26.65  grams  of  substances,  equal  to  y.^i  per  cent.,  which  was  divided  into 

(b)  9.25  grams  of  ether-insoluble  substances,  equal  to  2.5  per  cent.,  and 

(c)  17.40  grams  of  ether-soluble  substances,  equal  to  4.8  per  cent.,  of  which 

(d)  11.59  grams  were  aceton-insoluble,  equal  to  3.2  per  cent.,  and 

(e)  6.02   grams   were   aceton-soluble,   equal   to    1.6  per   cent. 

Fluctuations  in  the  amounts  of  the  entire  extracts  and  also  in  those  of  dif- 
ferent fractions  were  considerable  in  different  specimens  of  human  livers.  The 
maximum  and  minimum  were  as  follows : 

Maximum.  Minimum. 

Entire  extract  before   fractionation  16.0  per  cent.  (No.  64)  4.0  per  cent.  (No.  38) 

Ether-insoluble  substances    lo.oper  cent.  (No.  64)  0.8  per  cent.  (No.  2) 

Aceton-insoluble    substances    4.5  per  cent.  (No.  17)  i.o  per  cent.  (No.  64) 

Aceton-soluble  substances  8.0  per  cent.  (No.  67)  0.8  per  cent.  (No.  51) 

The  extracts  from  animal  livers  showed  the  following  relations: 

Maximum.  Minimum. 

Entire  extract  before   fractionation.  9.0  per  cent.  (No.  74)  4.8 per  cent.  (No.  77) 

Ether-insoluble    substances    3.0  per  cent.  (No.  74)  1.7  per  cent.  (No.  73) 

Aceton-insoluble    substances    4.0  per  cent.  (No.  79)  2.0  per  cent.  (No.  77) 

Aceton-soluble  substances  3.0  per  cent.  (No.  72)  0.8  per  cent.  (No.  77) 

The  weight  of  substances  extractable  by  alcohol  from  different  livers  varies 
greatly,  the  variations  being  greater  in  extracts  from  human  than  in  those  from 
animal  livers.  This  striking  difference  was  probably  due  to  the  fact  that  the 
human  specimens  were  pathological  and  had  undergone  a  mbre  pronounced 
alteration  after  death,  the  main  one,  no  doubt,  being  a  rapid  autolysis. 

The  ether-insoluble  substances  from  human  livers  showed  the  widest  range 
of  variation,  the  minimum  per  cent,  being  less  than  one-twelfth  of  the  maximum. 
In  the  case  of  animals  the  minimum  per  cent,  of  the  ether-insoluble  substance 
varied  from  the  maximum  by  less  than  one-half. 

The  variation  in  the  amounts  of  the  aceton-insoluble  fraction  was  not  so 
marked  as  in  that  of  the  ether-insoluble  fraction,  the  maximum  per  cent,  being 
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only  four  and  a  half  times  the  minimum.  The  liver  from  a  patient  who  had  had 
severe  anemia  Welded  the  smallest  aceton-insoluble  fraction.  The  variation  in 
the  aceton-insoluble  fraction  of  animal  livers  was  small.  Finally,  the  aceton- 
soluble  fraction  was  seen  to  van.-  greatly,  especially  in  human  livers,  where  the 
maximum  was  ten  times  the  minimum. 

This  great  variation,  according  to  Leathes,  who  studied  the  metabolism  of 
fats  with  special  reference  to  the  liver  in  man  and  animals,  was  to  be  expected. 
It  is  produced  through  the  transportation  of  stored  fats  (adipose)  to  the  liver, 
in  various  patholc^ical  conditions,  in  order  to  convert  the  inert  fats  into  active 
fats  by  desaturation  of  double  carbon  bonds.  Xot  pathological  conditions  only, 
but  physiolc^cal  ones  also,  are  capable  of  producing  considerable  fluctuations 
in  this  fraction. 

It  is  noteworthy  that  the  ether-insoluble  fraction  in  autolysed  liver  of  dog 
83  is  enormously  large  in  comparison  with  the  aceton-insoluble  and  aceton- 
soluble  fraction  which  it  yielded. 

The  aceton-insoluble  fraction  obtained  from  :r.e  hear:?  ci  gr-ir.es  pie?  is  seen 
to  be  quite  large,  amotmting  to  6  per  cent.,  while  the  ace:cr.-5olubie  fraction  is 
only  2.S  per  cent.,  although  in  this  percentage  is  ir.ch-cec  2.  certain  amotmt  of 
connective  tissue  fats. 

The  brains  of  guinea  pigs  and  dc^s  rielded  about  5  to  6  per  cer.:.  of  aceton- 
insoluble  fractions  and  2  to  3  per  cent,  of  acet on-soluble  fractions,  while  ir:  dogs 
and  guinea  pigs  the  ether-insoluble  fraction  in  the  brain  extract  reached  2  to  3 
per  cent- 

The  point  of  chief  interest  is  the  consideration  of  the  extracts 
from  the  point  of  view  of  their  biological  beha\-ior.  In  Table  I  the 
quantities  of  the  aceton-insoluble  and  aceton-soluble  fractions  of 
each  extract  are  recorded  for  heniohtic,  anticomplementar}*.  and 
antigenic  acti\'ity.  The  blank  spaces  in  the  three  columns  signify 
that  there  was  no  action  when  a  maximum  dose  of  0.4  cubic  centi- 
meter of  each  emulsion  was  used. 

Aceton-soluble  Fraction. — The  majorit}*  of  the  emulsions  of  the 
aceton-soluble  fraction  were  hemohtic.  Of  seventy  specimens 
fift}--four  (nearly  70  per  cent."^  showed  this  activity*.  Emulsion 
Xo.  41  was  the  strongest,  o.oi  cubic  centimeter  causing  complete 
hemolysis.  In  the  case  of  the  weakest  emulsion,  0.25  cubic  centi- 
meter was  required  to  bring  about  complete  hemolysis. 

The  hemohtic  acti\T[r\'  did  not,  as  one  might  suppose,  yztv  with 
the  acidity  of  the  emulsion.  In  spite  of  being  acid,  certain  sp>eci- 
mens  exened  no  hemohtic  acti\'it}'.  The  nature  of  tlie  acid  present 
is  ver}-  important,  for  Xoguchi  showed  some  years  ago  that  the 
hemohtic  acti\*it}*  of  imsaturated  fatty  acids  is  nearly  ten  times 
stronger  than  the  normal  or  saturated  fatty  acids.     It  is  probable. 
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Summarizing  the  results  recorded  in  Table  I,  the  following 
figures  for  the  alcohol-extractable  constituents  are  obtained : 

2,081  grams  of  liver  (70  different  specimens  from  manj  yielded: 

(<i)    I75-50  grams  of  substances,  equal  to  8.4  per  cent.,  which  was  divided  into 

(b)  60.48  grams  of  ether-insoluble  substances,  equal  to  2.9  per  cent.,  and 

(c)  112.87  grams  of  ether-soluble  substances,  equal  to  5.4  per  cent.,  of  which 

(d)  58.91   grams  were  aceton-insoluble,  equal  to  2.8  per  cent,,  and 

(e)  61.24  grams  were  aceton-soluble,  equal  to  2.9  per  cent. 

363  grams  of  animal  liver  (four  rabbits,  five  guinea  pigs,  three 
dogs)  yielded: 

(a)  26.65  grams  of  substances,  equal  to  7.3  per  cent.,  which  was  divided  into 

(b)  9.25  grams  of  ether-insoluble  substances,  equal  to  2.5  per  cent.,  and 

(c)  17.40  grams  of  ether-soluble  substances,  equal  to  4.8  per  cent.,  of  which 

(d)  11.59  grams  were  aceton-insoluble,  equal  to  3.2  per  cent.,  and 

(e)  6.02   grams   were   aceton-soluble,   equal   to    1.6  per   cent. 

Fluctuations  in  the  amounts  of  the  entire  extracts  and  also  in  those  of  dif- 
ferent fractions  were  considerable  in  different  specimens  of  human  livers.  The 
maximum  and  minimum  were  as  follows : 

Maximum.  Minimum. 

Entire  extract  before   fractionation  16.0  per  cent.  (No.  64)  4.0  per  cent.  (No.  38) 

Ether-insoluble  substances   lo.oper  cent.  (No.  64)  0.8  per  cent.  (No.  2) 

Aceton-insoluble    substances    4.5  per  cent.  (No.  17)  i.o  per  cent.  (No.  64) 

Aceton-soluble  substances  8.0  per  cent.  ( No.  67)  0.8  per  cent.  ( No.  51 ) 

The  extracts  from  animal  livers  showed  the  following  relations : 

Maximum.  Minimum. 

Entire  extract  before   fractionation.  9.0 per  cent.  (No.  74)  4.8 per  cent.  (No.  77) 

Ether-insoluble    substances     3.0  per  cent.  (No.  74)  1.7  per  cent.  (No.  73) 

Aceton-insoluble    substances    4.0  per  cent.  (No.  79)  2.0  per  cent.  (No.  77) 

Aceton-soluble  substances  3.0  per  cent.  (No.  72)  0.8  per  cent.  (No.  77) 

The  weight  of  substances  extractable  by  alcohol  from  different  livers  varies 
greatly,  the  variations  being  greater  in  extracts  from  human  than  in  those  from 
animal  livers.  This  striking  difference  was  probably  due  to  the  fact  that  the 
human  specimens  were  pathological  and  had  undergone  a  m'ore  pronounced 
alteration  after  death,  the  main  one,  no  doubt,  being  a  rapid  autolysis. 

The  ether-insoluble  substances  from  human  livers  showed  the  widest  range 
of  variation,  the  minimum  per  cent,  being  less  than  one-twelfth  of  the  maximum. 
In  the  case  of  animals  the  minimum  per  cent,  of  the  ether-insoluble  substance 
varied  from  the  maximum  by  less  than  one-half. 

The  variation  in  the  amounts  of  the  aceton-insoluble  fraction  was  not  so 
marked  as  in  that  of  the  ether-insoluble  fraction,  the  maximum  per  cent,  being 
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only  four  .'ind  a  half  limes  the  iniiiiimiin.  'J'lic  liver  from  a  patient  who  had  had 
severe  anemia  yielded  the  smallest  accton-insoluhlc  fraction.  The  variation  in 
the  accton-insoluhlc  fraction  of  animal  livers  was  small.  I-inally,  the  accton- 
soliihlc  fraction  was  seen  to  vary  j!;reatly,  especially  in  human  livers,  where  the 
maximum  was  ten  times  the  minimum. 

This  great  variation,  according  to  Leathes,  who  studied  the  metabolism  of 
fats  with  special  reference  to  the  liver  in  man  and  animals,  was  to  be  expected. 
It  is  produced  through  the  transportation  of  stored  fats  (adipose)  to  the  liver, 
in  various  pathological  conditions,  in  order  to  convert  the  inert  fats  into  active 
fats  by  desaturation  of  double  carbon  bonds.  Not  pathological  conditions  only, 
but  physiological  ones  also,  are  capable  of  producing  considerable  fluctuations 
in  this  fraction. 

It  is  noteworthy  that  the  ether-insoluble  fraction  in  autolyscd  liver  of  dog 
83  is  enormously  large  in  comparison  with  the  aceton-insoluble  and  aceton- 
soluble  fraction  which  it  yielded. 

The  aceton-insoluble  fraction  obtained  from  the  hearts  of  guinea  pigs  is  seen 
to  be  quite  large,  amounting  to  6  per  cent.,  while  the  aceton-soluble  fraction  is 
only  2.8  per  cent.,  although  in  this  percentage  is  included  a  certain  amount  of 
connective  tissue  fats. 

The  brains  of  guinea  pigs  and  dogs  yielded  about  5  to  6  per  cent,  of  aceton- 
insoluble  fractions  and  2  to  3  per  cent,  of  aceton-soluble  fractions,  while  in  dogs 
and  guinea  pigs  the  ether-insoluble  fraction  in  the  brain  extract  reached  2  to  3 
per  cent. 

The  point  of  chief  interest  is  the  consideration  of  the  extracts 
from  the  point  of  view  of  their  biological  behavior.  In  Table  I  the 
quantities  of  the  aceton-insoluble  and  aceton-soluble  fractions  of 
each  extract  are  recorded  for  hemolytic,  anticomplementary,  and 
antigenic  activity.  The  blank  spaces  in  the  three  columns  signify 
that  there  was  no  action  when  a  maximum  dose  of  0.4  cubic  centi- 
meter of  each  emulsion  was  used. 

Aceton-soluble  Fraction. — The  majority  of  the  emulsions  of  the 
aceton-soluble  fraction  were  hemolytic.  Of  seventy  specimens 
fifty- four  (nearly  70  per  cent.)  showed  this  activity.  Emulsion 
No.  41  was  the  strongest,  0.0 1  cubic  centimeter  causing  complete 
hemolysis.  In  the  case  of  the  weakest  emulsion,  0.25  cubic  centi- 
meter was  required  to  bring  about  complete  hemolysis. 

The  hemolytic  activity  did  not,  as  one  might  suppose,  vary  with 
the  acidity  of  the  emulsion.  In  spite  of  being  acid,  certain  speci- 
mens exerted  no  hemolytic  activity.  The  nature  of  the  acid  present 
is  very  important,  for  Noguchi  showed  some  years  ago  that  the 
hemolytic  activity  of  unsaturated  fatty  acids  is  nearly  ten  times 
stronger  than  the  normal  or  saturated  fatty  acids.     It  is  probable. 
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therefore,  that  the  emulsions  that  here  proved  so  strongly  hemolytic 
contained  a  relatively  large  quantity  of  the  unsaturated  fatty  acids. 
This  point,  however,  requires  further  study. 

The  biological  evidence  for  attributing  hemolytic  activity  in  some 
instances  to  the  presence  of  large  quantities  of  unsaturated  fatty 
acids  is,  to  a  certain  extent,  supported  by  the  results  of  Leathes, 
who  has  shown,  by  testing  the  iodine  value  of  various  liver  extracts, 
that  the  quantities  of  saturated  and  unsaturated  fatty  acids  in  dif- 
ferent specimens  vary  greatly. 

In  the  aceton-soluble  fraction,  twenty  extracts  (28  per  cent.) 
showed  anticomplementary  properties.  This  activity  was  mani- 
fested by  quantities  that  varied  from  0.03  to  0.5  cubic  centimeter,  the 
usual  quantities  being  o.i  to  0.2  cubic  centimeter. 

Antigenic  Properties. — Of  seventy  specimens  thirty-four  (about 
50  per  cent.)  manifested  antigenic  properties.  In  five  specimens 
the  antigenic  activity  was  the  only  one  observed.  In  the  remaining 
ones,  however,  it  was  associated  w^ith  other  properties ;  in  six,  with 
an  anticomplementary  action ;  in  sixteen,  with  a  hemolytic  property ; 
and  in  seven  wath  both  hemolytic  and  anticomplementary  properties. 

It  should  be  understood  that  those  emulsions  which  possessed 
either  hemolytic  or  anticomplementary  properties,  or  both,  were 
examined  for  their  antigenic  property  in  the  quantities  w^hich  were 
too  small  to  manifest  a  hemolytic  or  anticomplementary  action. 
The  emulsions  w^hich  were  antigenic  without  the  other  two  proper- 
ties were  generally  weak ;  that  is,  they  were  active  when  employed 
in  doses  of  0.15,  0.2  and  0.3  cubic  centimeter,  and  were  very  w^eak 
when  compared  with  the  aceton-insoluble  fractions  which  wall  be 
mentioned  below. 

The  results  obtained  with  the  aceton-soluble  fraction  of  animal 
livers  are  similar  to  those  obtained  with  the  human  livers,  except 
that  the  presence  of  the  anticomplementary  property  was  more  fre- 
quent in  the  animal  specimens.  In  examining  thirteen  livers  the 
anticomplementary  property  was  found  in  ten  (yy  per  cent.),  the 
hemolytic  property  in  eight  (66  per  cent.),  and  the  antigenic  prop- 
erty in  seven  (53  per  cent.).  Every  emulsion  showed  either  the 
hemolytic  or  the  anticomplementary  property,  or  both.  Every 
specimen  was  acid. 
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The  acctc)n-sc)lul)lc  fractions  of  the  hearts  and  brains  of  guinea- 
pigs  and  dogs  were  in  all  respects  comparable  to  those  of  the  animal 
livers  just  described. 

Acctoii-insoluhlc  I'laclion. — In  considering  the  results  obtained 
w  ith  the  accton-insolublc  fraction,  one  sees  that  the  column  for  the 
records  of  the  hemolytic  property  is,  with  one  exception  (No.  41) 
quite  blank.  In  the  exceptional  case  the  figures  0.3  cubic  centi- 
meter are  recorded.  11iis  means  that  sixty-nine  out  of  seventy  dif- 
ferent emulsions  had  no  hemolytic  action  when  used  in  the  large 
dose  of  0.4  cubic  centimeter.  Emulsion  No.  41  was  hemolytic  in 
the  dose  of  0.3  cubic  centimeter.  In  the  corresponding  column  of 
the  seventy  aceton-soluble  fractions,  fifty-four  (70  per  cent.)  show 
hemolysis.  The  absence  of  the  hemolytic  activity  is  characteristic 
of  the  aceton-insoluble  fraction,  wdiile  the  presence  of  this  activity 
is  characteristic  of  the  aceton-soluble  fraction.  In  the  seventy  spec- 
imens examined,  the  anticomplementary  property  was  present  in 
twenty- four  (34  per  cent.).  It  was,  therefore,  somewhat  more  fre- 
quently present  here  than  in  the  aceton-soluble  fraction.  The  anti- 
complementary property  may  be  present  or  absent  in  the  aceton- 
soluble  or  in  the  aceton-insoluble  fractions  derived  from  the  same 
liver.  Its  presence  in  one  fraction  is,  however,  quite  independent 
of  its  presence  in  the  other. 

Concerning  the  aceton-insoluble  fractions,  the  following  may  be 
stated :  the  antigenic  property  was  present  in  sixty-six  liver  frac- 
tions (94  per  cent.).  It  was  absent  or  extremely  w^eak  in  three 
fatty  livers,  and  in  the  fourth,  from  a  case  of  tuberculosis,  the 
extract  could  not  be  used  on  account  of  its  hemolytic  activity. 

Of  the  sixty-six  preparations  that  possessed  an  antigenic  property, 
twenty- four  (34  per  cent.)  had  an  auxiliary  anticomplementary 
action,  while  forty-two  (60  per  cent.)  were  entirely  devoid  of  this. 

2.    THE  RELATION  BETWEEN  THE  ANTIGENIC  AND  ANTICOMPLEMEN- 
TARY PROPERTIES  OF  THE  ACETON-INSOLUBLE   FRACTIONS. 

Table  II  shows  the  anticomplementary  property  of  twenty-four  emulsions. 
These  emulsions  can  not  be  recommended  for  the  quantitative  estimation 
of  complement  fixation,  although  some  of  them  could  be  used  for  routine 
diagnosis  for  the  reason  that  the  amount  of  the  extract  necessary  to  ex- 
hi])it  the  antigenic  property,   differed  sufficiently  from  that  which  would  mani- 
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TABLE  II. 


Antigenic 
titers. 

.A.nticomple- 
mentary  titers. 

Number  of 

preparatiuns 
of  each 
group. 

1 _ 

Ratio  of  the  anti- 
genic to  the  anti- 
complementary 
titers 

Remarks. 

0.02  C.C. 

O.I      C.C. 
0.2      C.C. 

I 
4 

i:   5 
I  :io 

Unsuitable  for  quantitative  work. 
Unsuitable  for  quantitative  work. 

0.03  C.C. 

0.2      C.C. 
0.4      C.C. 

4 
2 

i:  6.6 
i:i3-3 

Unsuitable  for  quantitative  work. 
Unsuitable  for  quantitative  work. 

0.04  C.C. 

O.I      C.C. 

0.15  c.c. 

0.2      C.C. 
0.4      C.C. 

I 

l:   2.5 
i:   3-75 
i:   5 
I  :io 

Unsuitable. 

Unsuitable. 
Unsuitable  for  quantitative  work. 
Unsuitable  for  quantitative  work. 

0.5      C.C. 

0.2      C.C. 
0.4     C.C. 

1:4 
1:8 

Unsuitable. 
Unsuitable  for  quantitative  work. 

24 

Unsuitable      6 
Conditional  18 

24 

fest  a  disturbing  anticomplementary  action.  The  fact  that  in  the  fixation  test 
two  units  of  complement  and  of  amboceptor  are  prescribed,  renders  negligible 
the  possibility  of  an  interference  by  the  anticomplementary  property.  The  anti- 
complementary effect  no  longer  disturbs  when  the  quantity  corresponding  to 
one-third  of  its  titer  is  tested  against  one  unit  of  complement.  Where  the  rela- 
tion of  the  antigenic  titer  to  the  anticomplementary  titer  is  as  close  as  i :  2.5, 
I  '•  375,  or  1:4,  the  emulsion  should  not  be  employed  even  for  routine  work.  It 
may  be  mentioned  that  Wassermann.  and  his  pupils  determined  the  minimum 
quantity  of  liver  extract  in  which  the  anticomplementary  action  could  be 
detected,  and  they  recommended  the  use  of  half  of  this  quantity  in  carrying  out 
the  Wassermann  reaction. 

This  principle,  while  safeguarding  the  reaction  from  a  non-specific  inhibition 
due  to  the  anticomplementary  property,  leaves  the  standard  of  the  antigenic 
strength  of  the  extract  undefined.  The  quantity  they  use  may  contain  one 
antigenic  unit,  or  it  may  contain  several.  If  the  antigenic  unit  is  determined  with 
a  strongly  positive  serum  (e.  g.,  six  antibody  units),  this  unit  is  no  longer 
able  to  detect  weaker  reactions  (e.  g.,  one  or  two  antibody  units),  while  it  is 
easy  to  do  so  if  the  antigenic  unit  is  adjusted  to  weaker  sera. 

The  results  obtained  with  animal  livers  agree,  in  general,  with 
those  obtained  with  human  livers.  None  of  the  emulsions  were 
hemolytic.  On  the  other  hand,  the  anticomplementary  property 
was  present  more  frequently.  All  except  one  emulsion  (No.  76) 
could  be  used  for  routine  diagnostic  work.  The  antigenic  titers 
were  somewhat  inferior  to  those  found  with  the  human  specimens. 
The  autolyzed  liver  of  dog  83,  although  having  a  high  antigenic 
titer,  yielded  an  emulsion  free  from  hemolytic  or  anticomplementary 
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properties.  'I  lie  emulsion  prepared  from  guinea-pig  hearts  pos- 
sessed a  weak  anticomplementary  and  a  strong  antigenic  property. 

The  hiological  cliaracteristics  of  the  aceton-insoluble  fraction  of 
dog  and  i^uinea-pig  brains  were  quite  different  from  those  of  the 
liver  extracts.  While  devoid  of  a  hemolytic  property,  these  emul- 
sions were  anticomplementary  and  possessed  a  slight  antigenic  prop- 
erty. They  arc,  therefore,  unfit  for  use  in  the  complement  fixa- 
tion test. 

The  estimation  of  the  iodine  absorption  in  the.se  preparations 
seems  to  indicate  that  there  is  a  certain  relationship  between  the 
iodine  value  and  the  antigenic  activity.  With  few  exce])tions  all 
preparations  with  a  high  antigenic  value  possessed  a  high  iodine 
value,  and  the  preparations  without  antigenic  value  gave  the  lowest 
iodine  value.  The  brain  preparations,  which  usually  had  a  higher 
iodine  value,  did  not  conform  to  the  above  generalization,  as  they 
had  only  feeble  antigenic  values.  At  present,  no  explanation  for 
diis  difference  can  be  given.  It  is,  however,  not  improbable  that 
the  unsaturated  carbon  bonds  in  the  brain  lipoids  are  situated  in 
different  positions  from  those  in  the  antigenically  active  lipoids  of 
the  liver  or  heart.  Further  experimental  work,  however,  is  required 
to  determine  this  point. 

3.    THE  ASSOCIATION  BETWEEN  CLINICAL  CONDITIONS  AND  THE 
ANTIGENIC  AND  IODINE  VALUES  OF  THE  ACETON- 
INSOLUBLE    FRACTIONS. 
In  Table  III  the  clinical  diagnosis  of  the  patients  from  whom  the  livers  were 
obtained  is  shown  together  with  an  estimation  of  the  comparative  frequency  and 
distribution   of   the   antigenic   and  anticomplementary  properties   in   the   aceton- 
insoluble  fractions  of  these  livers.     At  the  bottom  of  the  table  we  have  recorded 
the  figures  showing  the  average  iodine  values  for  different  antigenic  titers  and 
also  the  maximum  and  the  minimum  for  each  antigenic  titer. 

4.    THE   ASSOCIATION   OF   PATHOLOGICAL   CONDITIONS   OF   THE   LIVER 
WITH    THE    ANTIGENIC    VALUE    OF    THE    ACETON-INSOLUBLE 

FRACTIONS. 

An  examination  of  Table  IV  does  not  enable  us  to  discover  a  definite  rela- 
tion between  the  antigenic  value  and  the  pathological  conditions  of  the  livers, 
except  that  the  fatty  livers  in  no  instance  yielded  a  serviceable  extract.  It  is 
probable  that  the  fatty  acid  radicals,  constituting  the  lipoids  of  a  fatty  liver, 
belong  chiefly  to  the  saturated  varieties.  The  low  iodine  values  of  these  lipoids 
are  in  favor  of  this  hypothesis. 
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5.    THE  ASSOCIATION  BETWEEN  THE  AGE  AND  THE  ANTIGENIC  VALUE 

OF  THE  ACETON-INSOLUBLE  FRACTIONS. 

The  foregoing  analysis  seems  to  show,  in  a  general  way,  that  the  livers  from 
individuals  under  twelve  months  of  age  yield  lipoids  of  a  higher  antigenic  value. 
With  this  exception  no  definite  relation  between  the  age  and  the  antigenic  power 
could  be  established.  We  suggest,  however,  that  the  possibilities  of  encountering 
pathological  conditions  leading  to  fatty  degeneration  of  the  liver  are  greater  in 
adults.  From  this  it  would  follow  that  the  livers  of  older  people  are  more  likely 
to  yield  unserviceable  lipoid  fractions.  Here  the  age  is  no  more  than  a  predispo- 
sition, and  not  the  direct  cause.  The  determining  factor  is,  therefore,  the  patho- 
logical condition  itself.  The  fact  is  worth  recording  that  one  of  us  (Noguchi) 
has  on  two  occasions  observed  that,  in  spite  of  its  normal  appearance,  the  liver 
of  a  tubercular  patient  yielded  a  fraction  which  was  distinctly  hemolytic  and 
only  feebly  antigenic. 

STANDARD   ANTIGEN    FOR    NOGUCHl's    METHOD. 

A  standard  antigen  for  Noguchi's  method  for  the  diagnosis  of  syphilis  may 
be  prepared  as  follows :  as  a  stock  solution  make  an  ethereal  or  alcoholic  3 
per  cent,  solution  of  an  aceton-insoluble  fraction  of  the  liver  or  heart.  From 
this  an  emulsion  is  made  by  shaking  one  volume  of  the  stock  solution  with 
nine  volumes  of  a  0.9  per  cent,  sodium  chloride  solution.  This  emulsion  is 
tested  for  its  properties.  If  it  is  hemolytic  or  anticomplementary,  in  the  dose 
of  0.4  cubic  centimeter,  it  is  unsuitable.  When  the  emulsion  is  found  to  be  non- 
hemolytic and  non-anticomplementary,  it  is  tested  for  its  antigenic  strength.  If 
it  produces  complete  inhibition  of  hemolysis  with  one  unit  of  syphilitic  antibody 
in  doses  of  0.02  cubic  centimeter  or  less,  it  is  suitable.  In  the  fixation  test  o.l 
cubic  centimeter  of  such  an  emulsion  is  to  be  used,  thus  employing  more  than 
five  times  the  minimal  antigen  dose.  So  far  as  our  experience  goes,  the  use 
of  several  antigen  doses  does  not  cause  a  non-specific  fixation  and  is  not  unduly 
sensitive. 

The  stock  solution  of  antigen  retains  its  properties  for  a  long  time.  A  solu- 
tion prepared  over  a  year  ago  has  apparently  undergone  no  change. 

SUMMARY. 
The  liver  tissues  of  man  and  certain  animals  (dogs,  rabbits, 
guinea  pigs,  etc.)  yield,  upon  alcoholic  extraction,  various  sub- 
stances which  may  be  divided  by  their  physical  and  chemical  prop- 
erties into  several  groups.  While  many  substances  are  present  in 
the  alcoholic  extract,  the  ones  possessing  antigenic  properties  are 
comparatively  few.  The  latter  are  responsible  for  the  antigenic 
properties  exhibited  by  the  whole  alcoholic  extract.  The  substances 
extracted  with  alcohol  were  fractionated  into  the  following  four 
groups. 


nidcyo  Noguchi  and  J.  Hronfenbrenner,  67 

(a)  Substances  Insoluble  in  lllhcr  and  J  Jot  Alcohol. — These  are 
chiefly  proteins  and  salts.  Hie  proteins  are  ])robably  the  minute 
particles  of  lar.i^er  nK^lecules  held  in  apparent  sus])ension  in  alcohol 
until  all  oilier  substances  are  removed.  The  water  extracted  from 
the  tissues  and  admixed  with  alcohol  is  also  an  essential  factor  in 
extractini^-  these  ])articles  in  an  alcohohc  solution.  The  salts  pres- 
ent are  the  usual  physiological. constituents  of  the  liver,  notably, 
sodium  chloride.  The  quantity  of  these  substances  extracted  with 
alcohol  varies  greatly  with  different  specimens.  Biologically  consid- 
ered, they  are  neither  markedly  hemolytic  nor  anticomplementary  and 
possess  no  antigenic  property  for  the  Wassermann  reaction.  It  is 
important,  however,  to  note  that  the  proteins  bind  complement 
when  mixed  with  certain  active  human  sera.  For  this  reason  a 
preparation  of  antigen  containing  this  group  of  substances  is  unsuit- 
able for  use  in  combination  with  an  active  serum,  and  should,  there- 
fore, be  rejected. 

(b)  Substances  Insoluble  in  Ether  and  Soluble  in  Hot  Alcohol. — 
This  group  contains  soaps,  cleavage  products  of  proteins,  and  small 
amounts  of  the  bile  salts.  Soaps  and  bile  salts  are  very  strongly 
hemolytic  and  are  absolutely  unfit  for  use  as  antigen.  Moreover, 
their  antigenic  properties  are  very  slight.  It  is  best  to  eliminate 
this  group  of  substances  from  the  preparation  of  antigen.  The 
quantity  of  the  substances  of  this  group  extracted  from  different 
specimens  of  tissue  is  very  variable. 

(c)  Substances  Soluble  in  Ether,  Alcohol,  and  Aceton. — In  this 
group  are  found  varying  amounts  of  fatty  acids,  both  saturated  and 
unsaturated,  some  neutral  fats,  cholesterin  and  many  unidentified 
lipoidal  bodies.  This  group  causes  either  hemolysis  or  inhibition 
of  hemolysis.  In  other  words,  it  is  anticomplementary  as  well  as 
hemolytic  in  the  majority  of  preparations.  At  the  same  time,  in 
some  preparations  it  is,  to  a  certain  extent,  antigenic.  This  great 
variation  in  the  amounts  of  these  substances  in  given  extracts  ren- 
ders their  presence  in  the  antigen  preparation  undesirable.  It  is  not 
denied,  however,  that,  when  added  in  adequate  quantities,  some  of 
these  substances  may  improve  the  activity  of  the  antigenic  lipoids. 

{d)  Substances  Insoluble  in  Aceton. — This  group  of  substances 
consists  of  phosphatids.     The  best  known  among  them  is,  of  course, 
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lecithin.  Besides  lecithin,  however,  there  must  be  various  other 
phosphatids  present  in  this  fraction.  It  will  be  noticed  that  the  pre- 
cipitate formed  by  mixing  the  ethereal  solution  with  aceton  contains 
a  certain  amount  of  lipoids  insoluble  in  ether  as  well  as  in  alcohol. 
Before  the  fractionation  in  aceton,  all  lipoids  were  soluble  in  ether  or 
ethyl  alcohol.  Further  analytical  work  on  the  nature  of  the  phos- 
phatids contained  in  this  fraction  is  necessary.  This  fraction,  in 
general,  is  more  constant  in  amount  in  the  various  liv^er  extracts. 
Biologically  considered,  it  is  the  most  important.  It  is  usually  non- 
hemolytic, frequently  anticomplementary,  but  much  more  strongly 
antigenic  than  the  other  fractions.  The  antigenic  strength  varies 
with  different  preparations,  being  almost  absent  in  the  extracts  de- 
rived from  fatty  livers.  An  aceton  insoluble  fraction  may  be 
strongly  antigenic  without  any  other  auxiliary  effects,  or  may  be 
accompanied  by  an  anticomplementary  property.  This  fraction 
does  not  cause  the  so-called  non-specific  reaction  with  an  active 
human  serum.  For  these  reasons  it  is  recommended  (as  Noguchi 
has  repeatedly  done  before)  that  the  antigen  should  be  selected 
from  the  aceton-insoluble  fractions. 

Iodine  Value  in  Relation  to  Antigenic  Value. — Speaking  gener- 
ally of  the  aceton-insoluble  fraction,  a  high  antigenic  value  is  asso- 
ciated with  a  high  iodine  value  of  lipoids  obtained  from  the  liver 
and  heart.  This  rule  does  not,  however,  apply  to  the  corresponding 
fraction  from  the  brain. 

Standard  Antigen. — The  preparation  of  a  standard  antigen  for 
Noguchi's  method  for  the  diagnosis  of  syphilis  is  given  just  before 
the  summary.  The  directions  will  enable  one  to  make  a  stock  solu- 
tion, from  which,  at  any  time,  a  suitable  antigenic  emulsion  may  be 
obtained. 
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VARIATIONS  IN  THE  COMPLEMENT  ACTIVITY  AND 
FIXABILITY  OF  GUINEA  PIG  SERUM.^ 

By  HIDEYO  NOGUCHI  and  J.  BRONFENBRENNER. 

{From  the  Laboratories  of  the  Rockefeller  Institute  for  Medical  Research, 

New  York.) 

Some  time  ago  one  of  us  (Noguchi)  encountered  a  peculiar  ac- 
tion in  goat  serum.  This  serum,  while  fresh  and  active,  remained 
undeviated  by  the  Wassermann  reaction  or  by  any  combination  of 
specific  antigen  and  antibody.  It  was  natural,  therefore,  to  inquire 
whether  a  similar  action  might  not  be  found  in  the  sera  of  other 
species  of  animals  or  in  the  sera  of  individuals  of  a  species  in  which 
the  complement  is  generally  capable  of  deviation. 

Our  present  paper  concerns  itself  with  the  quantitative  determi- 
nation of  the  complementary  activity  of  various  sera  and  their  be- 
havior towards  the  complement  deviation  phenomenon. 

The  most  important  and  most  widely  studied  of  all  complements 
is  that  of  the  guinea  pig.  Although  there  are  some  observations 
bearing  upon  the  relative  complementary  activity  of  different  speci- 
mens of  this  serum,  there  is  no  work  in  which  quantitative  estima- 
tions of  complementary  activity  of  a  large  number  of  specimens 
with  simultaneous  determinations  on  the  fixability  of  each  has  been 
carried  out.     This  has  been  done  in  our  present  studies. 

We  have  also  studied  the  complementary  activity  of  the  sera  of 
several  other  species,  such  as  beef,  sheep,  goat,  pig,  dog,  cat,  rabbit, 
rat,  chicken,  etc.^  Some  of  these  sera  were  tested  for  their  fixabil- 
ity, our  purpose  being  to  see  whether  the  complements  of  any  of 
these  could  be  used  for  the  fixation  test. 

METHOD    OF    STUDY. 

I.  The  Titration  of  the  Activity  of  Complement. — The  amboceptor  derived 
from   rabbits   immunized   with   washed  human  corpuscles  was   used   in   all   the 

*  Received  for  publication,  September  21,  1910. 

'  The  results  with  these  sera  will  be  published  separately. 
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hemolytic  experiments.  In  addition  to  this,  another  amboceptor  derived  from  a 
goat  similarly  ininmnized  was  employed  in  certain  experiments  recorded  in  the 
latter  part  of  this  paper.  Unless  otherwise  stated,  however,  rabbit  amboceptor 
is  referred  to. 

The  amboceptor  was  used  in  constant  doses.  For  each  tube  o.i  c.c.  of  a 
lo  per  cent,  suspension  of  washed  human  corpuscles  was  used.  The  comple- 
ment to  be  titrated  was  added  to  a  series  of  tubes  in  graduated  quantities.  The 
total  volume  of  fluid  in  each  tube  was  brought  up  to  i  c.c.  by  means  of  the 
addition  of  0.9  per  cent,  salt  solution.  The  tubes  were  placed  in  a  water  thermo- 
stat and  incubated  for  two  hours  at  37°  C. 

2.  The  Detertnination  of  the  Fixability  of  Complement. — In  determining  the 
fixation  of  complement,  the  system  used  was  the  one  introduced  by  Noguchi  for 
the  diagnosis  of  syphilis.  The  amount  of  antihuman  amboceptor  (rabbit)  was 
uniformly  two  units  for  each  tube  The  quantity  of  washed  corpuscles  used 
was  0.1  c.c.  of  a  10  per  cent,  suspension.  The  quantity  of  complement  varied 
according  to  the  titers  of  the  different  sera.  The  amount  of  antigen  emulsion 
was  0.1  c.c,  which  contained  about  four  antigenic  units.  It  was  made  from  the 
aceton-insolnble  fraction  of  lipoids  from  a  human  liver,  according  to  Noguchi's 
method.'*  In  doses  of  0.45  c.c.  it  had  no  anticomplementary  action.  The  serum 
was  a  mixture  from  several  untreated  cases  of  secondary  syphilis  and  was  in- 
activated before  use.  It  had  no  inherent  anticomplementary  property  in  doses  of 
0.2  c.c,  and  in  the  fixation  experiments  the  quantity  employed  was  only  one- 
tenth  of  this. 

The  determination  of  the  amount  of  fixed  complement  was  made  by  reading, 
according  to  the  colorimetric  method  of  Madsen,  the  degree  of  hemolysis  pres- 
ent in  a  tube  where  an  incomplete  fixation  had  taken  place,  and  then  calculating 
the  approximate  amount  of  complement  still  free.  As  the  exact  amount  of 
complement  originally  employed  is  known,  it  is  an  easy  matter  to  calculate  the 
amount  of  complement  which  had  been  fixed. 

The  results  obtained  are  given  in  Table  I,  In  this  series  of  experiments 
forty-one  guinea  pigs  were  examined  at  the  same  time. 

In  studying  the  results  summarized  in  Table  I,  several  interesting 
facts  may  be  noticed.  It  was  rather  unexpected  to  find  that  the  com- 
plementary activity  increased  more  or  less  after  the  sera  remained 
in  contact  with  the  clot  for  forty-six  hours,  when  compared  with 
the  activity  of  the  same  sera  left  in  contact  with  the  clot  for  twenty- 
hours  after  the  bleeding.  A  few  sera,  however,  became  somewhat 
weaker  under  the  same  circumstances.  The  following  analysis 
gives  the  results  that  were  obtained. 

The  average  titers  for  the  first  (twenty  hours)  and  second 
(forty-six  hours)  determinations  are  nearly  the  same,  being  0.0216 
cubic  centimeter  for  the  first,  and  0.0209  cubic  centimeter  for  the 

'Serum  Diagnosis  of  Syphilis,  ist  edition,  Philadelphia,  1910,  p.  71. 
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Comparable  titers. 
O.OI.^  C.C. 
0.015  C.C. 
0.017  C.C. 
0.018  C.C. 
0.02  C.C. 
0.022  C.C. 
0.025  C.C. 
0.027  C.C. 
0.03  C.C. 
0.035  C.C. 

0.04    C.C. 
0.06    C.C. 


Number  of  sera  examined. 

Delcrmin.itlon  after  20  lioiirs.         Determination  .-ifter  ^'i  hours 


0 
2 
I 

6 
10 
10 

9 
2 
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o 
0 
0 
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second.  It  will  be  noticed,  also,  that  the  differences  between  the 
highest  and  the  lowest  titers  are  much  greater  with  the  second 
determination.  To  insure  greater  uniformity  in  action,  it  is  prefer- 
able to  employ  sera  which  have  been  left  in  contact  with  the  clot 
for  about  twenty-four  hours. 

The  titers  of  these  forty-one  sera  are  not  absolute;  they  can  be 
made  higher  by  employing  a  larger  quantity  of  amboceptor.  We 
sought  not  absolute,  but  relative  titers  in  our  present  experiments, 
and  the  following  chart  shows  the  frequency  with  which  the  same 
titers  were  obtained  with  different  sera. 


Chart  i. 


Titers. 
O-  Determination  for  the  sera  thsit  remained  in  contact  with  the  clot  for  20  hours  (o°C.) 
-D-  Determination  for  the  sera  that  remained  in  contact  with  the  clot  for  46  hours  (o°.C) 
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Let  US  now  consider  the  relative  susceptibility  of  different  sera  to 
the  fixing  phenomenon  in  the  syphilis  reaction.     Here  we  have  two 


Amount  of  guinea 
pig  serum  fixed. 

o.o  (non-fixable) 
0.03  c.c. 
0.06  c.c. 
0.075  c.c. 
0.085  c.c. 
o.og  c.c. 
0.105  c.c. 


Number  of 
specimens 
having  the 
titers  indi- 
cated. 

I 

I 

I 

I 

3 

24 

I 


Amount  of  guinea 
pig  serum  fixed. 

0.12     C.c. 

0.135  C.C. 

0.14    C.C. 

0.147  C.C. 

0.15     C.C. 

0.24     C.C. 


Number  of 
specimens 
having  the 
titers  indi- 
cated. 


41 
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Amounts  of  serum  fixed. 
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problems.  'J  he  first  is  to  dctcrniiiic  the  absohitc  cjnantitics  (jf  dif- 
ferent sera  fixed  by  given  constant  amounts  of  sypliilitic  serum  and 
antigen ;  and  the  second  is  to  determine  the  numl)er  of  units  of  com- 
plement that  lia\  e  disappeared.  The  al)solute  amounts  of  sera  fixed 
under  the  same  conditions  vary  considerably  willi  (hfferent  speci- 
mens, but  the  variation  in  the  majority  of  the  specimens  is  slight. 

The  contrast  between  tlie  extremes  in  tlie  fixation  (jf  guinea  pig 
serum  is  most  striking.  The  non-fixable  serum  (No.  34)  showed  no 
abnormal  complementary  activity,  and  the  highest  fixable  serum 
(No.  33)  had  also  the  usual  titer  of  activity,  although  the  latter  de- 
teriorated with  an  unusual  rapidity  during  forty-six  hours.  Another 
specimen  (No.  38)  had  also  shown  a  rapid  deterioration,  but  there 
was  no  abnormality  in  its  fixability. 

Taking  up  the  same  subject  from  the  standpoint  of  unity  of  com- 
plementary activity,  the  following  statistics  were  obtained.  In 
grouping  the  units,  the  fractions  intermediate  between  two  standard 
divisions  were  included  in  the  nearest  division.  Several  arbitrary 
zones  of  fixability  may  be  created  (see  below)  in  order  to  enable  us 
to  gain  a  better  idea  of  the  occurrence  of  various  degrees  of  fixabil- 
ity among  the  sera  thus  examined.    In  the  zone  of  normal  fixability 


Number  of  units  of 
complement  fixed. 

o.  I      Zone  of  non-fixability,  i  specimen  (2.4  per  cent.). 

I    ) 


^Zone  of  inferior  fixability,  8  specimens  (19.5  per  cent.), 


T-S 

2.  o 

2.5  2 

3-  J 

3.5  4 

4.  6 

4.5  9    ^Zone  of  normal  fixability,  20  specimens  (48.7  per  cent.). 

5-  5 

5.5  3 

6.  5 

6.5  I 

7.5  T     }*Zone  of  superfixability,  12  specimens  (29.2  per  cent.), 

8.  o 
8.5  0 

9.  0 
9.5  2   J 
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are  included  the  specimens  which  varied  from  the  average  by  0.5  of 
a  unit  in  either  direction. 

Chart  3. 


Units  of  complement  fixed. 

The  average  amount  of  serum  fixed  was  0.098  cubic  centimeter 
(see  Table  I,  p.  71)  and  the  average  number  of  units  fixed  was 
4.64  (see  Table  I,  p.  71).  In  fact,  the  majority  of  sera  possessed 
a  susceptibility  to  fixation  not  far  removed  from  the  average. 


SUMMARY. 

The  following  conclusions  may  be  drawn  from  the  foregoing 
series  of  experiments.  The  complementary  activity  varies  within 
a  definite  limit  in  different  specimens  of  guinea  pig  serum.  With 
sera  which  stood  in  contact  with  the  clot  for  twentv  hours,  the 
strongest  and  weakest  were  in  the  ratio  of  0.015  cubic  centimeter  to 
0.04  cubic  centimeter.  The  former  was  2.66  times  stronger  than  the 
latter.  The  variation  observed  with  the  same  series  of  sera  after 
forty-six  hours  was  still  more  striking.  The  strongest  was  0.013 
cubic  centimeter,  and  the  weakest,  0.06  cubic  centimeter,  that  is,  the 
former  was  4.6  times  stronger  than  the  latter.  These  findings 
agree  with   those  made  by  ^lassol  and  Grysez.^     The  variations 

*  Massol  and  Grysez,  Compt.  rend  Soc.  de  bioL,  1910,  Ixvii,  588. 
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were  not  so  marked  with  tlic  majority  of  sera.  It  is  notewortliy  that 
a  Inrqc  niimlxM-  of  the  sera  i^^'iincd  in  (lie  complementary  activity 
when  remaining  in  contact  with  the  clot  for  forty-six  hours,  while 
some  sera  hecamc  weakened  dnrini^  the  same  len^tli  of  time. 

The  amonnt  of  serum  fixed  hy  c^iven  constant  quantities  of  syphi- 
litic serum  and  antigen  varies  much  more  markedly  than  the  varia- 
tions in  their  complementary  activity.  One  serum  failed  altogether 
to  be  fixed.  On  the  other  hand,  one  sample  of  serum  was  so  easily 
fixable  that  0.24  cubic  centimeter  (corresponding  to  9.6  complement 
units  of  this  specimen)  disappeared,  while  the  average  quantity 
fixed  was  only  0.098  cubic  centimeter  (corresponding  to  4.64  com- 
plement units).  The  normal  standard  of  fixability  was  shown  in 
about  50  per  cent,  of  the  specimens  examined.  If  the  zone  of 
normal  fixability  is  enlarged  in  both  directions  by  one  unit,  the  per- 
centage of  normal  fixability  would  become  65.8.  There  is  no  defi- 
nite relationship  between  the  complementary  activity  and  the  fix- 
ability  of  a  given  specimen  of  guinea  pig  serum. 

The  facts  derived  from  our  present  experiments,  especially  in  re- 
gard to  the  exceptions  in  the  fixative  quality  of  this  serum,  demand 
the  utmost  precaution  from  those  intending  to  employ  it  for  diag- 
nostic purposes,  as,  for  example,  in  the  Wassermann  reaction.  No 
quantitative  work  is  possible  with  the  complement  fixation  reaction 
unless  the  experimenter  is  capable  of  determining  the  fixability  of 
the  serum  in  use.  One  of  us  (Noguchi)  has  long  realized  this 
source  of  error,  and  in  order  to  reduce  it  he  has  advised  the  em- 
ployment of  a  mixture  of  sera  from  more  than  two  guinea  pigs. 
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[Reprinted  from  Journal  of  Experimental  Medicine,  Vol,  XIII.,  No.  i,  1911.] 


THE  COMPARATIVE  MERITS  OF  VARIOUS  COMPLE- 
MENTS  AND   AMBOCEPTORS   IN   THE   SERUM 
DIAGNOSIS   OF    SYPHILIS.^ 

By  HIDEYO  NOGUCHI  and  J.  BRONFENBRENNER. 

(From  the  Laboratories  of  the  Rockefeller  Institute  for  Medical  Research, 

New  York.) 

When  using  a  hemolytic  antihuman  amboceptor  produced  in  the 
goat,  one  of  us  (Noguchi)^  found  that  goat  complement  could  not 
be  deviated  or  fixed  by  the  precipitate  formed  by  mixing  an  extract 
of  Diplococats  intracellnlaris  (Weichselbaum)  with  antimeningo- 
coccic serum  (Flexner-Jobling),  or  by  mixing  sera  of  man  or  dif- 
ferent animals  with  their  specific  precipitins  (rabbit),  or  egg-white 
with  its  specific  precipitin.  Under  similar  conditions,  goat  comple- 
ment can  not  be  deviated  in  Noguchi's  method  of  the  syphilis 
reaction.  The  amboceptor  from  the  goat  seemed  to  have  a 
stronger  affinity  for  the  goat  complement  and  liberated  the  comple- 
ment after  it  had  been  fixed.  Noguchi  has  also  repeatedly  shown, 
in  the  Bordet-Gengou  phenomenon  or  in  the  syphilis  reaction,  that 
rabbit  complement  is  less  firmly  fixed  than  guinea  pig  complement. 
As  he  was  using  a  rabbit  amboceptor,  he  could  not  determine 
whether  the  difficulty  in  fixing  this  complement  was  due  to  the  use 
of  an  homologous  amboceptor  (from  the  same  species)  or  to  the 
inferior  fixing  qualities  of  the  complement  itself.  In  order  to  de- 
termine this  point,  it  was  necessary  to  prepare  amboceptors  from 
different  species  of  animals.  The  preceding  problem,  together  with 
others  concerning  the  comparative  merits  of  the  complements  of 
various  species  of  animals  in  the  complement  fixation  phenomenon, 
the  Bordet-Gengou,  and  the  Wassermann  reactions,  is  considered 
in  this  communication.  The  questions  just  outlined  include  the 
determinations  of  the  complementary  activity  of  the  sera  of  various 

^Received  for  publication,  September  21,  1910. 
*Proc.  Soc.  Ex  per.  Biol,  and  Med.,  1910,  vii,  55. 
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species  of  animals  willi  homolo^^ous  and  lictcrologons  amboceptors. 
They  also  brint;-  onl  llic  relative  capacities  of  different  species  of 
animals  for  producin^i;-  hemolytic  amboceptor  for  human  erythro- 
cytes. Apart  from  the  scientific  interest,  we  intended  also  to  search 
for  a  suitable  species  of  the  lari^er  domestic  animals  whose  com- 
plement or  amboceptor  would  yield  results  as  reliable  as  those  ob- 
tained w  ith  G^uinea  pig  comi)lement  and  rabbit  amboceptor.  If  this 
should  be  accomplished,  an  economy  would  result. 

PREPARATION   OF  ANTIHUMAN   AMBOCEPTOR. 

In  our  experiments  the  washed  human  erythrocytes  suspended  in 
0.9  per  cent,  salt  solution,  corresponding  with  the  original  volume 
of  the  blood,  was  used  for  immunizing  the  animals.  The  varieties 
of  animals  used  and  the  quantities  of  erythrocytes  injected  are 
given  below : 

Dog,  subcutaneous  injection,  20,  30,  30,  30  c.c. 

Cat,  intraperitoneal  injection,  5,  10,  15,  20  c.c. 

Rabbit,  intraperitoneal  injection  5,  10,  15,  20  c.c. 

Guinea  pig,  intraperitoneal  injection,    2,     3,  5,  7  c.c. 

Rat,  intraperitoneal  injection,  i,     2,  3,  3  c.c. 

Chicken,  intraperitoneal  injection,  3,    4,  5,  5  c.c. 
Goat,*  subcutaneous  injection. 

With  the  exception  of  the  goat,  more  than  two  animals  of 
each  of  the  species  were  employed,  and  several  of  each  of  the 
smaller  animals.  Injections  were  made  four  to  five  days  apart, 
and  the  serum  was  collected  on  the  ninth  day  after  the  last  in- 
jection. These  amboceptoric  sera  were  inactivated  at  56°  C.  for 
thirty  minutes.  After  inactivation,  the  strength  of  amboceptor  of 
each  of  the  above  animals  was  determined  by  titration  with  homo- 
logous and  heterologous  complement.  The  complements  employed' 
were  from  dog,  cat,  rabbit,  guinea  pig,  rat,  chicken,  goat,  pig,  sheep,, 
and  ox.  Owing  to  the  small  quantity  of  blood  that  could  be  ob- 
tained from  the  immunized  rats,  the  amboceptor  from  this  animal 
could  not  be  titrated  to  the  extent  of  the  others. 

The  amount  of  complement  of  each  species  used  was  uniformly 
0.05  cubic  centimeter  for  each  tube.     The  erythrocytic  suspension; 

•This  goat  was  given  about  twenty  subcutaneous  injections. 
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was  employed  in  a  dose  of  o. i  cubic  centimeter  of  a  lo  per  cent, 
suspension  of  washed  human  corpuscles.  The  total  volume  in  each 
tube  was  made  uniformly  one  cubic  centimeter. 

The  above  experiments  revealed  that  a  striking  relation  exists  be- 
tween the  various  complements  and  a  given  kind  of  amboceptor  pro- 
duced in  different  species  of  animals. 

This  is  brought  out  in  Table  II. 

With  the  amboceptors  produced  in  guinea  pig,  cat,  and  chicken, 
the  strongest  action  was  obtained  with  their  homologous  comple- 
ments. On  the  other  hand,  the  amboceptors  from  the  dog  and  rabbit 
acted  more  strongly  with  certain  heterologous  complements  than 
with  homologous  complements.  It  was  not  the  same  heterologous 
complements,  however,  which  showed  this  peculiarity.  The  strong- 
est action  with  rabbit  amboceptor  was  obtained  with  the  comple- 
ments of  guinea  pig,  goat,  cat,  and  dog.  The  complementary  action 
of  rabbit  serum  with  dog  amboceptor  was,  however,  very  much 
stronger  than  tliat  of  the  dog  complement  with  the  amboceptor  ob- 
tained from  the  dog.  This  dog  amboceptor  was  thirty  times  more 
active  in  the  presence  of  goat  complement  than  in  the  presence  of 
dog  complement.  Guinea  pig  complement,  which  has  hitherto  been 
considered  universally  suitable,  is  seen  to  be  inferior  to  the  comple- 
ments of  goat,  rabbit,  and  pig  when  used  with  dog  amboceptor,  and 
it  was  without  any  complementary  action  for  chicken  amboceptor. 
The  complements  of  ox  and  sheep,  which  were  found  to  be  quite 
suitable  for  goat  amboceptor,  are  seen  to  be  less  suitable  for  the 
amboceptors  derived  from  rabbit,  guinea  pig,  dog,  cat,  and  chicken. 
It  is  also  remarkable  that  the  sera  of  all  mammals,  except  the  pig, 
used  in  our  experiments  are  devoid  of  any  complementary  action 
for  chicken  amboceptor,  while  chicken  serum  contains  certain 
amounts  of  complement  suitable  for  the  amboceptors  derived  from 
those  mammals. 

Thus  we  have  learned  that  the  titers  of  an  amboceptor  may  vary 
considerably  according  to  the  varieties  of  sera  employed  as  com- 
plement. That  the  variations  revealed  in  the  titration  of  a  given 
amboceptor  are  due  to  the  variations  in  the  complement  content  of 
the  serum  used  as  complement,  can  be  further  demonstrated  by  de- 
termining the  limit  of  activity  of  the  sera  (serving  as  complement) 
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in  llic  presence  uf  a  coiisUml  ainuunt.  of  ainl)ocepkM*.  In  the  fol- 
lowini;  table  is  shown  the  comparative  activity  of  (Hffcrent  sera  as 
coniplenienl.  Rabbit  amboceptor  (in  excess)  was  employed  in  this 
experiment. 

TABLE   III. 


Titration  of  sera  as  complement  w 

th  antibuman  rabbit  amboceptor. 

O             Guinea  pig 
3                comple- 
jv         1        meni. 

Cat  com- 
plement. 

is 

"  a 

Dog  com- 
plement. 

Rabbit 
comple- 
ment. 

0  s 

Pig  com- 
plement. 

EH 

0  « 
0  E 

Oo. 
0.07 

M            Sheep  com- 
1     plement. 

Chicken 
comple- 
ment. 

Quantity  for  complete  hemol- 
ysis   

0.006 

0.006 

O.OI 

0.005 

0.015 

0.02 

o.os 

Quantity  for  moderate  hemol- 
ysis   

0.00"?  0.001 

0.003 
0.002 

0.007 

O.OI 

0.03 

0.035 

0.05 
0.02 

0.07 

*^ 

Quantity  for  trace  of  hemol- 
ysis  

0.002 

0.002 

0.003 

0.004 
0.002 

0.005 
0.003 

0.015 
0.007 

0.015 

0.02 

Quantity  for  no  hemolysis.  . 

O.OOI  O.OOI 

O.OOI 

0.0015 

0.008 

O.OI 

O.OI 

Table  III  shows  that  the  titration  of  the  complementary  activity 
of  the  sera  of  guinea  pig,  cat,  and  dog  is  about  twice  as  strong  as 
that  of  the  rabbit  for  rabbit  amboceptor.  In  this  respect  sheep 
serum  was  about  sixteen  times  weaker,  and  chicken  serum  was  too 
weak  to  produce  complete  hemolysis. 

We  have  also  studied  the  complementary  activity  of  various  sera 
for  the  amboceptors  derived  from  heterologous  as  well  as  from 
homologous  species.    Our  results  are  given  in  Table  IV. 

This  series  of  experiments  demonstrates  three  interesting  facts: 
(i)  the  preference  of  certain  amboceptors  for  their  homologous 
complements  (chicken,  guinea  pig,  goat)  ;  (2)  the  inferiority  of 
certain  complements  for  homologous  amboceptors  (rat)  ;  and  (3) 
the  increase  of  hemolytic  activity  of  complements  in  general  by  the 
use  of  a  larger  amount  of  the  amboceptor.  The  inferiority  of 
homologous  complements  to  certain  heterologous  complements  has 
already  been  described  with  the  sera  derived  from  rabbits  and  dogs 
(see  Table  II).  That  cat  amboceptor  is  more  powerful  with  its 
homologous  complement  is  shown  in  the  same  table.  Thus,  we  find 
that  the  amboceptors  derived  from  chicken,  guinea  pig,  goat,  and 
cat  are  stronger  in  the  presence  of  their  homologous  complements, 
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while  those  from  ral)hit,  (l()l,^  and  rat  are  stronger  in  the  presence  of 
certain  snitahlc  licterologoiis  complements. 

After  stuflyini;-  tlic  complex  inter-relation  of  various  comple- 
ments and  amboceptors,  we  took  np  the  further  study  of  a  few  com- 
plements. 11ic  sera  of  pi<T^,  sheep,  and  ox  were  studied  especially 
because  we  hoped  to  be  able  to  utilize  tliem  as  complement,  for  they 
may  be  obtained  in  lari^e  quantity  from  any  abattoir.  We  soon  dis- 
covered, however,  that  they  were  quite  unsuitable  for  the  syphilis 
reaction.  In  the  first  place,  ox  serum  often  contains  a  vari- 
able and  sometimes  considerable  amount  of  natural  amboceptor 
for  human  erythrocytes,  and  for  this  reason  we  did  not  pursue  the 
study  of  this  serum. 

The  sera  of  pig  and  sheep  are  usually  devoid  of  the  natural  anti- 
human  amboceptor.  They  were  examined  for  their  complementary 
activity  for  rabbit  amboceptor.  The  results  are  shown  in  Tables 
V  and  VI. 

The  striking  feature  of  the  sera  of  these  two  animals  is  the  rapid 
disappearance  of  their  complementary  activity.  It  is  more  marked 
with  pig  serum.  Both  varieties  of  serum  became  so  weak  after 
forty-eight  hours  (o°  C.)  that  they  no  longer  produced  complete 
hemolysis  in  a  quantity  as  large  as  o.i  cubic  centimeter.  Guinea  pig 
serum,  under  the  same  conditions,  showed  practically  no  diminution 
during  the  same  period  of  preservation.  The  rapid  deterioration  of 
both  pig  and  sheep  serum  renders  them  unreliable  because  of  the 
constantly  decreasing  activity  of  complement.  The  rate  of  deterio- 
ration is  also  quite  irregular  wMth  different  samples  of  the  same 
variety  of  serum.  Thus,  in  point  of  reliability  and  activity,  they  are 
far  inferior  to  the  serum  of  the  guinea  pig  and  are  not  recommended 
for  use  in  the  syphilis  reaction. 

CONCERNING   THE   USE   OF  VARIOUS   SERA   AS    COMPLEMENT   IN    THE 
SERUM    REACTION    OF    SYPHILIS. 

In  deciding  whether  or  not  the  serum  of  a  given  animal  is  suitable 
as  complement  in  the  complement  deviation  test,  we  have  to  con- 
sider two  essential  properties  of  the  serum.  The  first  is,  of  course, 
its  complementary  activity,  and  the  second  is  its  susceptibility  to 
fixation.     We  have  already  studied  in  detail  the  comparative  com- 
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plementary  activities  of  the  sera  of  various  species  of  animals.  We 
propose  to  report  here,  therefore,  the  resuhs  which  we  have  ob- 
tained with  regard  to  their  comparative  fixabihty. 

As  mentioned  at  the  beginning  of  this  article,  Noguchi  long  ago 
showed  that  the  complement  of  goat  serum  remains  undeviated 
by  specific  precipitates  or  by  the  syphilis  reaction.  This 
phenomenon  was  decidedly  more  pronounced  when  the  goat  fur- 
nished both  complement  and  amboceptor.  He  has  also  demon- 
strated that  rabbit  serimi  is  less  sensitive  to  fixation  than  guinea  pig 
serum.  Hence  he  suspected  that  the  amboceptor  might  have  such 
a  strong  af^nity  toward  its  homologous  complement  as  to  reverse 
partially  the  process  of  fixation.  The  question  of  whether  or  not 
there  is  such  a  relation  between  the  source  of  amboceptor  and  the 
fixability  of  complements  was  left  unsettled.  This  was  one  of  the 
problems  which  we  set  out  to  solve,  and  our  results  will  now  be 
given. 

The  fixation  test  was  carried  out  with  Noguchi's  system  in  the 
usual  way.  The  positive  serum  was  from  a  case  of  untreated  secon- 
dary syphilis,  and,  in  the  quantity  of  0.002  cubic  centimeter,  was 
capable  of  fixing  completely  0.04  cubic  centimeter  of  guinea  pig 
serum.  In  the  following  experiments,  0.02  cubic  centimeter  of  the 
syphilitic  serum  was  used  for  each  tube. 

TABLE  VII. 


Complement. 


Guinea  pig  0.04 
(2  units). 


Rabbit  No.  i  0.08 
(2  units). 


Guinea  pig    No  hemolysis  Partial  hemolysis 


Rabbit  No.  2 
0.08  (2  units). 


Partial  he- 


amboceptor 
(2  units) 


Rabbit 

amboceptor 

(2  units). 


(no  hemolysis  forj   molysis  (no 
some  time).        hemolysis  for 
some  time). 


Goat  No.  I 
0.04  (2  units). 


Goat  No.  2 
0.04  (2  units). 


Complete  he-  Complete  he- 
molysis      I       molysis 
(much  delay),  (much  delay). 


No  hemolysis  Partial  hemolysis     Partial  he-     Complete  he-Complete  he- 
(no  hemolysis  for    molysis  (no    1       molysis       j       molysis 
some  time).       hemolysis  for  (much  delay),  (much  delay), 
some  time). 


Goat  ambo-     Slight  hemol-jMuch    hemolysis  Much  hemol- 
ceptor        I   ysis  (no  he-   j  (no  hemolysis  for    ysis  (no  he- 
(2  units).        molysis  for    1      some  time).       1   molysis  for 
I  some  hours).  |  1  some  time). 


Complete  he- 
molysis 
(slight 
delay) . 


Complete  he- 
molysis 
(slight 
delay) . 
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Tlie  experiments  ^iv^en  above  show  that  the  complement  con- 
tained in  i^f^at  sernm  is  totally  nnfixablc.  Tliere  was  some  delay  in 
commencinL!^  hemolysis,  hut  it  was  finally  completed  within  a  few 
hours.  II10  complement  contained  in  rabbit  scrum  showed  the 
peculiarity  that  hemolysis  commenced  after  six  hours  or  so,  and  after 
about  twenty- four  hours  a  moderate  amount  of  hemolysis  was  ob- 
served. 1  his  is  most  striking  when  compared  w  ith  the  complete  and 
lasting  inhibition  of  hemolysis  in  the  case  of  guinea  pig  complement. 
The  use  of  goat  amboceptor,  however,  has  caused  more  or  less  hemol- 
ysis even  with  guinea  pig  complement.  Experiments  also  show  that 
when  the  complements  are  fixable  the  homologous  amboceptor  and 
complements  do  not  influence  the  fixation  phenomenon.  It  is  diffi- 
cult to  explain  why  the  fixation  of  guinea  pig  complement  is  im- 
perfect when  tested  by  goat  amboceptor.  It  may  be  due  to  the  pres- 
ence in  guinea  pig  serum  of  a  non-fixable  complement,  which,  while 
quite  active  with  the  goat  amboceptor,  is  inactive  with  the  ambo- 
ceptors from  rabbit  and  guinea  pig.  Now,  with  regard  to  the  state  of 
non- fixation  of  the  complement  of  goat  serum,  there  are  two  possi- 
bilities. The  first  is  its  insensitiveness  to  fixation.  The  delay  in 
commencing  hemolysis  may  be  accounted  for  by  assuming  that  the 
quantity  of  complement  still  free  in  the  mixture  was  considerably 
reduced  by  a  partial  fixation.  The  second  is  the  gradual  liberation 
of  complement  already  fixed  through  the  introduction  of  the  goat 
amboceptor.  Apart  from  these  hypothetical  considerations,  the 
above  experiments  showed  that  rabbit  and  goat  complement  and 
goat  amboceptor  are  unsuitable  in  deviation  tests. 

We  have  determined  the  fixability  of  the  complements  contained 
in  the  sera  of  pigs  and  sheep.  Pig  complement  was  fixable,  while 
that  of  sheep  was  somewhat  less  so.  But,  as  has  already  been 
pointed  out,  their  complementary  activity  is  so  feeble  that,  in  order 
to  employ  two  units,  their  absolute  quantities  may  reach  o.i  cubic 
centimeter  or  even  exceed  this.  If  the  fixation  were  selectively 
directed  to  the  complement,  an  accurate  result  could  always  be 
secured  by  employing  any  quantity  in  which  tw^o  activity-units 
existed.  But  as  we  shall  describe  elsewhere,  the  fixation  is  not 
selectively  directed  to  the  complement.  The  presence  of  non-com- 
plementary protein  constituents  may,  therefore,  interfere  w^ith  the 
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fixation  of  complement.  From  this  it  will  be  easy  to  understand 
why  we  must  avoid  weak  sera,  for  in  these  the  quantity  which  con- 
tains a  single  unit  of  complement  is  too  large. 

CONCLUSIONS. 

1.  The  maximum  activity  of  an  antihuman  hemolytic  ambocep- 
tor may  be  obtained  by  employing  the  homologous  or  heterologous 
complement,  according  to  the  variable  relations  existing  between 
the  species  furnishing  the  amboceptor  and  the  one  supplying  the 
complement.  Thus,  some  amboceptors  are  best  reactivated  by  the 
complement  of  the  same  species,  while  others  may  act  most  strongly 
when  reactivated  with  the  complements  of  certain  suitable  heterol- 
ogous species. 

2.  From  the  above  it  is  clear  that  the  complementary  activity  of 
a  given  serum  may  be  very  variable  according  to  the  varieties  of 
amboceptors  employed.  In  expressing  the  complementary  activity 
of  a  serum,  the  species  of  the  host  of  the  amboceptor  must  always 
be  stated.  Thus,  one  serum  may  have  many  different  comple- 
mentary titers  according  to  the  amboceptors  used.  A  similar  varia- 
tion in  the  titers  of  the  amboceptors  occurs  when  a  variety  of  com- 
plements are  employed. 

3.  Certain  species  of  animals  (pig  and  sheep)  yield  sera  which 
are  comparatively  poor  in  reactivating  most  varieties  of  antihuman 
amboceptors.    The  complements  of  these  species  deteriorate  rapidly. 

4.  The  serum  of  chicken  contained  but  little  complement  for  the 
amboceptors  derixed  from  the  mammalia,  while  the  amboceptor 
from  the  chicken  was  only  poorly,  or  not  at  all,  reactivable  by  the 
complements  contained  in  the  mammalian  sera.  The  serum  of  pig 
was  the  only  variety  which  reactivated  this  amboceptor  in  a  fair 
degree. 

5.  For  the  fixation  tests  guinea  pig  complement  is  the  most 
favorable.  This  complement  is  also  the  most  active  and  durable  of 
those  which  have  been  studied.  The  complements  of  pig  and  sheep 
are  quite  fixable,  but  their  weakness  and  rapid  deterioration  render 
them  unsuitable  for  fixation  purposes.  Rabbit  complement  is  quite 
active  but  is  not  easily  fixable.     Goat  complement  is,  as  already 
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stated,  difficult  to  fix,  in  spite  of  its  strong  complementary  activity. 
The  other  complements  arc  unsuitable  because  of  their  feeble  com- 
plementary activity. 

6.  For  fixation  tests  the  antihuman  amboceptors  produced  in  the 
rabbit  and  guinea  pig  are  suitable.  They  are,  moreover,  very  active 
and  do  not  cause  the  phenomenon  of  non-fixation.  The  ambocep- 
tors from  other  animals  are  unsuitable,  as  we  cannot  find  a  comple- 
ment which  strongly  reactivates  them.  The  amboceptor  from  the 
goat  is  unsuitable  because  of  the  danger  of  masking  the  fixation 
phenomenon  by  subsequent  hemolysis. 

7.  In  summing  up,  we  arrive  at  the  conclusion  that  the  rabbit  is 
the  best  animal  for  producing  antihuman  amboceptor,  and  the 
guinea  pig  for  supplying  complement.  The  guinea  pig  produces  a 
good  amboceptor,  but  its  small  size  renders  it  second  in  choice. 

So  far,  no  other  animals  have  been  found  useful  for  the  fixation 
experiments. 
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THE  INTERFERENCE  OF  INACTIVE  SERUM  AND  EGG- 
WHITE  IN  THE  PHENOMENON  OF  COM- 
PLEMENT FIXATION.^ 

By  HIDEYO  NOGUCHI  and  J.  BRONFENBRENNER. 

(From  the  Laboratories  of  the  Rockefeller  Institute  for  Medical  Research, 

New   York.) 

Is  the  fixative  action  of  a  specific  antigen-antibody  combination 
directed  only  towards  the  serum  constituents  known  as  complement 
or  towards  any  protein  whose  physico-chemical  properties  with 
regard  to  the  fixation  phenomenon  are  similar  to  complement? 
This  question  needs  experimental  determination,  as  the  comple- 
mentary activity  of  a  given  specimen  of  serum  has  no  constant 
quantitative  relationship  to  the  amount  of  other  non-complementary 
protein  constituents  contained  in  the  same  serum. 

If  the  fixation  were  directed  exclusively  towards  the  active  com- 
plementary constituents,  we  could  measure  quantitatively  the  fixing 
capacity  of  the  combination  of  a  given  specific  antigen  and  antibody 
by  simply  estimating  the  units  of  complement  fixed.  On  the  other 
hand,  if  the  fixation  is  also  directed  towards  the  other  indifferent 
proteins  simultaneously  present  in  the  complement-containing 
serum,  the  quantitative  estimation  of  the  fixative  capacity  of  the 
antigen-antibody  combination  becomes  complicated;  we  cannot 
measure  it  by  the  units  of  complement  fixed,  for  the  fixation  is  also 
shared  by  the  other  serum  components  whose  exact  amounts  cannot 
be  ascertained  by  this  method.  A  great  miscalculation  of  the  real 
fixing  capacity  must  inevitably  result  w^hen  one  uses  as  indicator 
the  complementary  activity  alone.  This  source  of  error  is  steadily 
increased  by  the  gradual  disappearance  of  the  complementary 
activity  from  the  serum,  while  the  amount  of  the  other  non-com- 
plementary constituents  not  only  remains  undiminished,  but  is  in- 
creased by  the  gradual  conversion  of  the  active  complement  into  an 

^Received  for  publication,  September  21.   1910. 
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inaclivc  coniplcniontoid.  lie  fore  this  fundaiiiciiLal  rclalion  is  estab- 
lished, any  attempt  to  estimate  complement  fixation  quantitatively 
is  premature. 

In  (his  comninnicalion  w  c  present  the  resuhs  which  we  obtained 
in  studviiii^'  (he  effects  of  xarious  non-complementary  proteins  upon 
the  complement  fixation  phenoniencjn,  including  the  syphilis  reac- 
tion. Ill  our  study  we  em()loye(l,  as  usual,  tlie  antihuman  hemo- 
lytic system  recommended  by  Noguchi.  livery  factor  concerned 
in  this  system  is  under  perfect  quantitative  control. 

THE   SYPHILIS   REACTION. 

In  this  series  the  effects  of  various  inactivated  or  spontaneously 
deteriorated  sera  and  egg-wdiite  w^ere  studied.  Varying  quantities 
of  each  serum  and  of  egg-white,  in  a  twenty  per  cent,  dilution  in 
0.9  per  cent,  salt  solution,  were  added  under  three  different  condi- 
tions to  the  fixing  mixture  of  syphilitic  serum  and  antigen  (aceton- 
insoluble  fraction  of  lipoid  from  human  liver).  They  w-ere  added 
and  incubated  (i)  before  the  addition  of  complement;  (2)  at  the 
same  time  as  the  complement;  and  (3)  after  the  complement  had 
been  fixed.  Some  tubes  without  any  serum  or  egg-white  were,  of 
course,  provided  as  controls.  The  amount  of  syphilitic  serum  used 
was  0.02  cubic  centimeter  for  each  tube,  and  this  amount  was  cap- 
able of  fixing  0.08  cubic  centimeter  of  guinea  pig  complement  in  the 
presence  of  o. i  cubic  centimeter  (four  units)  of  the  antigen  emul- 
sion. In  the  case  of  non-anticomplementary  sera,  the  amount  of 
complement  used  was  uniformly  0.04  cubic  centimeter  of  fresh 
guinea  pig  serum.  On  the  other  hand,  certain  deteriorated  sera 
showed  a  more  or  less  anticomplementary  property.  This  had  to  be 
overcome  by  adding,  in  addition  to  the  0.04  cubic  centimeter  of 
complement,  the  exact  amount  of  active  complement  (guinea  pig 
serum)  necessary  to  neutralize  each  such  specimen.  The  total 
volume  in  each  tube  was  made  equal  to  one  cubic  centimeter.  The 
incubation  period  was  one  hour  at  2,7''  C.  The  first  and  third  series 
in  Table  I  were  twice  incubated,  as  this  was  required  by  the  nature 
of  the  experiments.  Then  o.i  cubic  centimeter  of  a  10  per  cent, 
suspension  of  washed  human  corpuscles  and  two  units  of  anti- 
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huniaii  amboceptor  (  rahbil  )  were  added  to  all  tubes,  mixed  well, 
and  incubated  for  two  liours  at  37°  C.  Tlie  results  arc  ^iven  in 
Table  I. 

The  foregoing  experiments  demonstrate  several  important 
points.  The  first  series  shows  that  the  addition  of  various  animal 
sera,  from  which  the  complementary  property  had  disaj)peared 
either  by  a  spontaneous  deterioration  or  by  an  artificial  inactivation, 
to  the  fixing  mixture  of  syphilitic  serum  and  antigen,  saturated 
completely  the  latter's  fixing  capacity  so  that  it  was  no  longer  capable 
of  fixing  the  complement  of  fresh  guinea  pig  serum  subsequently 
introduced.  Exceptions  were  encountered  w^ith  human  and  goat 
sera,  which  behaved  inconstantly.  While  some  of  the  human  sera 
interfered  with  the  fixation  to  the  same  degree  as  that  of  most 
animal  sera,  others  showed  but  little  interference.  The  serum  of 
the  goat  was  also  comparatively  less  interfering.  The  most  remark- 
able fact  in  the  series  is  that  the  egg-white  acted  in  the  same  way 
as  most  animal  sera. 

In  the  second  series  we  observe  somewhat  less  interference  of 
fixation  by  the  sera  and  egg-white.  This  is  not  at  all  surprising, 
because  of  their  simultaneous  addition  with  the  complement,  under 
which  condition  the  fixing  had  been  directed  to  both.  In  the  third 
series  there  was  no  hemolysis.  It  is  evident  that  the  subsequent 
addition  of  these  substances  had  no  reversing  effect  upon  the  com- 
plement, which  had  been  fixed  before  they  w^ere  introduced. 

The  deductions  which  may  be  drawn  from  these  observations 
are  that  the  fixing  capacity  of  the  syphilitic  serum  and  antigen  can 
be  saturated  not  only  by  active  complement-containing  sera  or  in- 
active sera,  but  also  by  an  apparently  indifferent  suspension  of  pro- 
teins ( egg- w^hite),  so  long  as  their  physico-chemical  properties  are 
the  same.  It  also  shows  how  erroneous  it  is  to  estimate  the 
fixing  capacity  by  the  estimation  of  one  biological  property  (com- 
plementary) without  reference  to  the  ratio  of  this  biological  activ- 
ity to  the  other  components  of  the  serum  serving  as  complement. 
For  quantitative  work  with  the  complement  fixation  test,  the  estab- 
lishment of  a  standard  ratio  between  the  complementary  unit  and 
the  volume  of  the  serum,  becomes  essential.     In  addition  to  this. 
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the  relation  of  the  tixabihty  of  the  sera  of  different  species  must 
be  considered. 

llie  Complement  Fixation  by  Specific  Precipitate  (Bordet- 
Gengou  Phenomenon). — Parallel  series  of  experiments  with  the 
foregoing  were  also  made  with  the  precipitate  produced  by  the  anti- 
meningococcic horse  serum  (Flexner  and  Jobling)  and  meningo- 
coccic  extract. 

The  results  obtained  were  in  perfect  harmony  with  those  of  the 
syphilis  reaction  just  described;  hence  protocols  are  not  called  for. 

The  fixability  of  these  sera  and  egg-white  diminished  progres- 
sively at  temperatures  above  56°  C,  and  disappeared  at  85°  C. 

Alcohol,  which  coagulates  proteins,  removes  the  interfering  prop- 
erty of  sera  and  egg-white. 

CONCLUSIONS. 

The  fixing  property  of  a  specific  precipitate  and  of  syphilitic 
serum  in  the  presence  of  certain  antigenic  lipoids,  can  be  removed 
by  adding  certain  non-complementary  proteins  of  blood  serum  or 
hen's  Qgg. 

This  disappearance  of  the  complementary  activity  in  the  syphilis 
reaction,  as  well  as  in  the  true  Bordet-Gengou  reaction,  is  a  phe- 
nomenon which  incidentally  accompanies  the  fixation  of  certain 
serum  constituents,  some  of  which  possess  a  complementary 
activity.  The  presence  or  absence  of  the  complementary  property 
in  these  protein  components  does  not  influence  fixation.  Whether 
the  disappearance  of  the  complementary  activity  during  the  phe- 
nomenon of  so-called  fixation  is  due  to  a  mechanical  precipitation 
of  the  molecules  through  absorption  or  whether  it  is  due  to  a 
physico-chemical  alteration  of  the  active  molecules,  is  unknown.  It 
is  more  probable  that  a  chemical  interaction  takes  place  in  the  case 
of  the  syphilis  reaction.  Certain  sera,  for  example,  those  derived 
from  man  and  goat,  show  a  low  fixability. 

It  is  interesting  to  note  that  the  fixability  is  gradually  dimin- 
ished when  these  sera  and  egg-white  are  heated  to  a  temperature 
above  56°  C,  and  totally  disappears  at  85^  C.  The  coagulation  of 
proteins  with  absolute  alcohol  or  by  boiling,  destroys  their  inter- 
fering property. 
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Tlie  fact  that  the  fixation  is  not  selectively  directed  towards  com- 
plement, lias  ri  very  important  meanings  for  exact  serology.  The 
one-sided  accuracy  as  to  the  complementary  unity  is  no  longer  suffi- 
cient for  quantitative  work.  Both  the  complementary  and  the 
volumetric  unity  of  a  serum  serving  as  the  source  of  complement 
should  be  taken  into  consideration.  Besides,  the  fixahility  of  the 
sera  of  various  species  of  animals  must  also  be  considered. 

From  these  facts  a  formula  may  be  derived  for  deciding  the 
degree  of  suitableness  of  a  serum. 

X  is  the  degree  of  suitableness ;  K,  the  species  constant  for  the 
fixability;  P,  the  complementary  activity;  and  V,  the  volume  of 
serum.  It  will  lie  seen  tliat  llie  suitableness  is  proportional  to  tlie 
fixability  constant  and  the  complementary  unity,  and  inversely  pro- 
portional to  the  volume  of  serum  employed. 

As  to  wliat  species  yields  the  largest  value  for  X,  w^e  refer  the 
reader  to  our  studies  published  elsewhere.^ 

M  I )  Variations  in  the  Complement  Activity  and  Fixability  of  Guinea  pig 
Serum;  (2)  Comparative  Merits  of  Various  Complements  and  Amboceptors  in 
the  Serum  Diagnosis  of  Syphilis,  this  number  of  the  Journal  of  Experimental 
Medicine. 
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ANTI-ENZYMES   OE   THE   BLOOD    SERUM    PRO- 
DUCED  BY    SUBSTANCES    (CHLOROFORM 
AND    PHOSPHORUS)    WHICH    CAUSE 
DEGENERATIVE  CHANGES  IN  THE 
LIVER.i 

By  EUGENE  L.  OPIE,  BERTHA  I.  BARKER  and  A.  R.  DOCHEZ. 

{From  the  Laboratories  of  the  Rockefeller  Institute  for  Medical  Research, 

New  York.) 

The  observations  of  Salkowski,-  which  have  shown  that  incu- 
bated Hver  undergoes  '*  self-digestion,"  have  been  extended  to  ahiiost 
all  tissues  of  the  animal  body.  It  is  well  known  that  the  autolysis 
of  most  tissues  occurs  with  maximum  activity  in  a  weakly  acid  me- 
dium. Biondi^  has  found  that  disintegration  of  liver  is  hastened  by 
addition  of  weak  acid,  and  Hedin  and  Rowland,"^  using  the  ex- 
pressed juice  of  various  organs,  have  noted  that  spleen,  kidney,  and 
lymphatic  nodes  autolyze  more  actively  in  acid  than  in  neutral  or 
alkaline  media.  The  trivial  autolysis  of  voluntary  muscle  is  not 
materially  affected  by  acid  or  alkali,  but  the  autolysis  of  heart  mus- 
cle resembles  that  of  other  organs.  Levene  and  Stookey^  have 
found  that  autolysis  of  brain  tissue  and  of  testicle  is  favored  by  the 
presence  of  acid. 

The  pancreas  is  not  an  exception  to  the  foregoing  rule.  The 
well-known  observations  of  Heidenhain^  have  shown  that  trypsin, 
which  exhibits  maximum  activity  in  alkali,  exists  in  the  pancreas 
as  inactive  zymogen,  so  that  fresh  extracts  of  the  organ  cause  little 
proteolysis  under  conditions  which   favor  the  activity  of  trypsin. 

^  Received  for  publication,  November  4,   1910. 

'  Salkowski,  Ztschr.  f.  klin.  Med.,  1890,  xvii,  Suppl.,  p.  77. 

^  Biondi,  Virchows  Arch.  f.  path.  Auat.,  1896,  cxliv,  373. 

*  Hedin  and  Rowland,  Ztschr.  f.  physiol.  Chem.,  1901,  xxxii,  531. 

■^  Levene  and  Stookey,  Jour.  Med.  Research,  1903,  x,  212. 

"  Heidenhain,  Arch.  f.  d.  ges.  Physiol,  1875,  x,  557. 
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The  conditions  under  which  acid  activates  pancreatic  extracts  and 
their  relation  to  tlie  activation  of  pancreatic  jnice  by  enterokinase 
have  l)een  stndied  by  one  of  us  (IJochez)."^  Fresh  pancreatic  tissue 
which  undergoes  active  autolysis  in  the  presence  of  weak  acid, 
suffers  little  change  in  neutral  solutions  and  is  almost  unchanged 
after  incubation  in  an  alkaline  medium,  the  concentration  of  which 
agrees  with  that  favorable  to  the  action  of  trypsin  (0.2  to  0.4  per 
cent,  sodium  carbonate).  Heidenhain  has  shown  that  acid  con- 
verts tryptic  zymogen  of  fresh  pancreas  into  trypsin;  pancreas  sub- 
jected to  the  action  of  acid  acquires  the  power  to  digest  under  con- 
ditions which  are  favorable  to  trypsin,  namely,  in  neutral  or  alkaline 
media.  Although  splenic  substance  autolyzes  with  greater  activity 
in  acid  than  in  alkali,  Hedin^  has  obtained  in  relatively  purified 
form  two  enzymes,  one  of  which,  designated  a-lieno-protease,  acts 
in  alkali,  whereas  the  other,  designated  /?-lieno-protease,  acts  in 
acid.  If  fresh  spleen  (Hedin^)  is  temporarily  subjected  to  the 
action  of  weak  acid,  its  ability  to  autolyze  in  the  presence  of  alkali 
is  materially  increased.  Pretreatment  with  acid  makes  active  an 
enzyme  which  digests  in  the  presence  of  alkali. 

Dochez^^  has  studied  the  modifications  of  hepatic  autolysis  which 
occur  as  the  result  of  changes  in  reaction,  and  he  has  compared 
autolysis  of  liver  with  autolysis  of  fresh  pancreas.  Whereas  fresh 
liver  autolyzes  with  greater  activity  in  acid  (0.2  per  cent,  acetic 
acid)  than  in  neutral  or  alkaline  media  (from  0.2  to  0.4  per  cent, 
sodium  carbonate),  liver  which  has  been  treated  with  weak  acid 
during  twenty-four  hours  acquires  the  power  to  autolyze  or  to 
digest  casein  in  alkaline  medium  with  equal  or  greater  activity  than 
in  acid.  Other  evidence  cited  by  Dochez  shows  that  the  liver  con- 
tains two  enzymes,  one  of  which  acts  in  acid,  whereas  the  other, 
which  acts  in  alkali,  is  active  only  after  the  tissue  has  been  sub- 
jected to  acid.  Vernon^^  has  shown  that  pancreatic  extracts  be- 
come active  after  standing;  Dochez  has  likewise  noted  that  liver 
tissue  allowed  to  stand  on  ice,  gradually  acquires  the  power  to  auto- 
lyze in  the  presence  of  alkali. 

^  Dochez,  Proc.  Soc.  Exper.  Biol,  and  Med.,  1910,  vii,  97. 

'  Hedin,  Jour.  Physiol,  1904,  xxx,  155. 

'  Hedin,  Festschrift  fiir  Olof  Hammarsten,  Upsala,   1906,  vi,   i. 

"  Dochez,  Jour.  Exper.  Med.,  1910,  xii,  666. 

"  Vernon,  Jour.  Physiol,  1901,  xxvii,  269. 
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It  is  noteworthy  that  the  polynuclear  leucocytes  of  an  inflamma- 
tory exudate  cause  proteolysis  with  greater  activity  in  alkali  than  in 
acid  and,  unlike  pancreas,  liver  or  spleen  and,  doubtless,  other 
organs,  exhibit  this  activity  in  alkali  when  freshly  obtained  from 
the  body;  no  pretreatment  with  acid  is  necessary  in  order  to  bring 
this  enzyme  (leucoprotease)  into  action.  The  bone  marrow,  un- 
like other  tissues,  exhibits  the  same  ability  to  digest  with  greater 
activity  in  alkali  than  in  acid. 

The  power  of  the  blood  serum  to  restrain  the  activity  of  tryptic 
digestion  has  long  been  known.  Hahn^^  made  the  observation  that 
trypsin  fails  to  digest  fibrin  or  gelatin  when  fresh  blood  serum  is 
present.  He  found  that  this  power  to  inhibit  is  lost  if  blood  serum 
is  heated  to  a  temperature  of  65°  C.  The  inhibiting  substance  is 
apparently  attached  to  the  proteins  of  the  serum,  but  is  not  a  com- 
mon property  of  all  proteins  of  the  blood,  for  the  globulin  fraction 
of  the  serum,  precipitated  by  half  saturation  with  ammonium  sul- 
phate, fails  to  restrain  the  action  of  trypsin,  whereas  the  albumin 
fraction  precipitated  by  complete  saturation  after  globulin  has  been 
removed  exerts  a  retarding  influence. 

Ascoli  and  Bezzola,^^  in  1903,  doubtless  influenced  by  the  observa- 
tions of  Fr.  Miiller^^  upon  self -digestion  of  lung  consolidated  by 
pneumonia,  have  sought  to  determine  if  this  inhibiting  property  of 
the  serum  undergoes  any  alteration  during  the  progress  of  pneu- 
monia. They  have  claimed  that  there  is  at  first  a  marked  increase 
of  anti-tryptic  action;  this  increase  is  maintained  for  a  time,  and 
after  crisis  it  is  followed  by  a  decrease,  often  occurring  in  associa- 
tion with  disappearance  of  the  local  lesion.  The  subject  attracted 
little  attention  until  Brieger  and  Trebing^^  showed  that  there  is  an 
almost  constant  increase  of  the  anti-tryptic  activity  of  the  blood 
serum  in  association  with  carcinoma.  Subsequent  studies  have 
demonstrated  that  this  increased  anti-enzymotic  activity  is  appar- 
ently dependent  upon  the  accompanying  cachexia  rather  than  upon 
the  new  growth  itself,  and  a  similar  change  has  been  observed  in 
association  with  a  variety  of  diseases,  such  as  pneumonia,  typhoid 

"  Hahn,  Bcrl.  klin.  Wchnschr.,  1897,  xxxiv,  499. 
"Ascoli  and  Bezzola,  Berl.  klin.  Wchnschr.,  1903,  xl,  391. 
"  Fr.  Miiller,   Verhandl.  d.  20  Cong.  f.  inn.  Med.,  1902,  192. 
^*  Brieger  and  Trebing,  Berl.  klin.   Wchnschr.,  1908,  Ixv,  1041. 
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fever,  tuberculosis,  and  exophlhalniic  goitre,  of  which  the  common 
characteristic,  according  to  K.  Meyer, ^^  is  increased  disintegration 
of  the  protein  constituents  of  the  body,  perliaps  referable  to  in- 
creased activity  of  proteolytic  enzymes. 

Finding  that  the  serum  in  certain  diseases  associated  with  leu- 
cocytosis  exhibits  increased  anti-enzymotic  activity  when  tested  with 
enzyme  of  polynuclear  leucocytes,  several  observers  (Bittorf,^"^ 
Wiens^^)  have  maintained  that  the  enzyme  set  free  by  leucocytes 
neutralizes  the  anti-body  of  the  serum  and  thus  indirectly  causes  an 
excessive  regeneration.  Nevertheless,  numerous  observations  have 
shown,  on  the  one  hand,  that  anti-enzymotic  activity  of  the  blood 
serum  is  not  constantly  increased  in  association  with  leucocytosis 
(K.  Meyer),  whereas,  on  the  other  hand,  many  conditions,  such 
as  malignant  growth,  tuberculosis,  and  typhoid  fever,  frequently 
accompanied  by  increase  of  anti-enzyme,  usually  exhibit  no  leucocy- 
tosis. 

By  a  series  of  comparative  tests,  Jochmann  and  Kantorowicz^^ 
have  shown  that  serum  which  exhibits  high  anti-enzymotic  activity 
toward  trypsin  shows  increased  ability  to  restrain  the  activity  of 
the  enzyme  of  the  polynuclear  leucocytes,  which  like  trypsin  digests 
in  the  presence  of  an  alkaline  medium.  Injection  of  trypsin  into 
rabbits  increases  the  ability  of  the  serum  to  inhibit  both  trypsin  and 
leucoprotease,  and,  furthermore,  injection  of  leucoprotease  has  the 
same  result. 

The  occurrence  of  increased  anti-enzyme  in  the  serum  suggests 
the  possibility  that  anti-enzyme  is  increased  in  order  to  balance  an 
increased  quantity  of  free  enzyme.  With  this  possibility  in  view, 
we  have  attempted  to  determine  if  the  proteolytic  activity  of  the 
blood  serum  undergoes  any  alteration  during  the  course  of  chloro- 
form poisoning  so  severe  that  advanced  degenerative  changes  are 
produced  in  the  liver.  The  possibility  that  such  a  study  might 
prove  fruitful  has  been  suggested  by  the  observation  that  increase 
of  anti-leucoprotease  accompanies  prolonged  intoxication  with  chlo- 
roform or  phosphorus. 

*•  K.  Meyer,  Berl.  klin.  Wchnschr.,  1909,  xlvi,  1064,  1890. 

"  Bittorf,  Deutsch.  Arch.  f.  klin.  Med.,  1907,  xci,  212. 

^'Wiens,  Deutsch.  Arch.  f.  klin.  Med.,  1907,  xci,  456. 

"Jochmann  and  Kantorowicz,  Ztschr.  f.  klin.  Med.,  1908,  Ixvi,  153. 
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The  existence  of  proteolytic  enzyme  in  normal  blood  serum  has 
long  been  known.  Delezenne  and  Pozerski^*^  have  found  that  blood 
serum  mixed  with  chloroform  acquires  the  power  to  digest  gelatin 
and  casein.  Hedin  has  shown  that  the  globulin  fraction  of  the 
blood  serum  of  the  ox,  obtained  by  half  saturation  with  ammonium 
sulphate,  contains  a  weak  proteolytic  enzyme.  The  albumin  frac- 
tion of  the  serum  obtained  by  complete  saturation  after  removal  of 
globulin  contains  anti-enzyme,  which  in  normal  serum  restrains  the 
activity  of  the  enzyme  just  mentioned.  One  of  us^^  has  shown 
that  the  anti-enzymotic  activity  of  the  blood  serum  is  lost  in 
the  presence  of  0.2  per  cent,  acetic  acid;  in  this  medium  the  blood 
serum  exhibits  well  marked  proteolytic  activity,  but  in  neutral  or 
alkaline  media  anti-body  balances  enzyme,  and  neither  autolysis  nor 
other  proteolytic  activity  is  demonstrable. 

In  order  to  determine  what  factors  cause  changes  in  the  enzy- 
motic  and  anti-enzymotic  activity  of  the  blood  serum,  a  condition 
which  can  be  produced  experimentally  offers  obvious  advantages, 
for  the  phenomena  which  occur  can  be  repeatedly  traced  from  the 
beginning  through  various  stages  of  the  process.  Chloroform 
poisoning  has  proved  especially  favorable  for  this  study  because  it 
reproduces  the  increase  of  anti-enzyme  heretofore  frequently  noted 
with  the  cachexia  of  carcinoma,  with  various  infections,  and  with 
other  diseases. 

The  changes  in  the  liver  which  accompany  prolonged  adminis- 
tration of  chloroform  by  inhalation,  are  clearly  defined  by  the  recent 
studies  of  Rowland  and  Richards^^  which  have  directed  our  atten- 
tion to  this  subject.  There  is  necrosis  implicating  the  central  part 
of  each  hepatic  lobule.  Disintegration  of  protein  within  the  body 
is  shown  by  increased  elimination  of  nitrogen  and  sulphur  by  the 
urine.  When  intoxication  is  not  severe,  there  is,  instead  of  nec- 
rosis, fatty  degeneration  of  the  liver,  kidneys,  heart  muscle,  etc. 
Doyon  and  Billet^^  have  found  that  the  blood  may  become  incoagul- 
able and  that  incoagulability  is  associated  with  diminution  of  the 
fibrinogen  content  of  the  serum. 

^  Delezenne  and  Pozerski,  Compt.  rend.  Soc.  de  biol,  1903,  Iv,  327,  690,  693. 

^  Opie,  Jour.  Exper.  Med.,  190S,  vii,  316. 

^Howland  and  Richards,  Jour.  Exper.  Med.,  1909,  xi,  344. 

^  Doyon  and  Billet,  Compt.  rend.  Soc.  de  bioL,  1905,  Iviii,  852. 
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We  have  followed  the  coagiilahility  of  the  blood  during  the 
course  of  chloroform  poisoning  produced  by  the  daily  administra- 
tion by  stomach  of  a  given  quantity  of  chloroform  (one  or  two 
cubic  centimeters  per  kilogram  of  body  weight),  and  have  found 
that  the  coagulation  time  of  the  blood  increases  during  the  first 
three  days;  in  some  instances  the  blood  becomes  wholly  incoagul- 
able. Hemorrhage  into  the  gastro-intestinal  tract  or  into  the  peri- 
toneal cavity  is  not  infrequent,  and  death  often  occurs  at  the  end  of 
three  or  four  days.  When  poisoning  is  not  acutely  fatal,  a  reaction 
occurs;  the  coagulability  of  the  blood  rapidly  regains  its  former 
activity,  and  even  though  the  same  daily  dose  of  chloroform  is  ad- 
ministered, coagulation  at  the  end  of  about  a  week  after  the  begin- 
ning of  the  experiment  may  have  become  somewhat  more  rapid  than 
normal.  An  animal  which  has  survived  the  critical  period  of  three 
or  four  days  may  live  ten  or  twelve  days.  The  animal  has  estab- 
lished some  form  of  resistance  to  the  poison.  In  such  instances 
there  is  widespread  fatty  degeneration  of  the  liver  and  other  organs 
and  comparatively  little  necrosis. 

The  phenomena  which  have  been  described  have  a  close  analogy 
in  phosphorus  poisoning.  There  is,  it  is  well  known,  intense  fatty 
degeneration  of  the  liver  with  some  necrosis,  and,  in  some  instances, 
as  Jacoby^*  has  shown,  diminution  of  the  coagulability  of  the  blood 
is  associated  with  disappearance  of  fibrinogen.  Furthermore, 
Jacoby  has  found  that  the  liver  with  phosphorus  poisoning  under- 
goes more  rapid  autolysis  than  normal  liver.  He  suggests  that 
enzyme  set  free  by  the  liver  dissolves  the  fibrinogen  of  the  blood. 
Our  observations,  mentioned  above,  suggest  that  changes  which 
occur  in  the  blood  as  the  effect  of  chloroform  or  phosphorus  may 
be  subject  to  considerable  variation,  dependent  upon  the  severity 
of  intoxication  and  upon  the  length  of  the  period  of  administration. 

Gradual  increase  of  anti-enzyme  for  a  proteolytic  enzyme,  namely, 
leucoprotease,  during  the  progress  of  intoxication  with  chloroform 
and  phosphorus,  noted  at  the  beginning  of  our  experiments,  has  sug- 
gested the  possibility  that  disintegrating  liver  tissue  may  set  free 
those  proteolytic  enzymes  which  are  demonstrable  in  normal  liver. 
The  attempt  has  been  made  to  determine  if  at  any  stage  of  intoxi- 

**  Jacoby,  ZtscJir.  f.  physiol.  Chem.,  1900,  xxx,  174. 
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cation  the  serum  exhibits  increased  proteolytic  activity.  The  enzy- 
motic  content  of  the  serum  has  been  tested  by  incubating  a  fixed 
quantity  of  blood  serum  during  four  or  five  days  at  37°  C.  and 
subsequently  determining  the  degree  of  autolysis,  or  by  incubating 
a  fixed  quantity  of  serum  with  a  suitable  protein  substrate,  such  as 
heated  blood  serum.  That  hepatic  enzyme,  which  is  most  readily 
demonstrated,  digests  in  the  presence  of  acid.  To  determine  if  the 
similar  enzyme  which  exists  in  the  blood  undergoes  any  change 
during  the  progress  of  chloroform  intoxication,  a  series  of  experi- 
ments has  been  performed  on  dogs. 

A  fixed  quantity  of  blood  has  been  subjected  to  autolysis  in  the 
presence  of  0.2  per  cent,  acetic  acid.  Blood  has  been  drawn  at 
intervals  of  three  or  four  days  by  means  of  a  needle  inserted  through 
the  skin  into  the  jugular  vein.  A  measured  amount  of  serum  ob- 
tained by  centrifugalization  of  the  whipped  blood  has  been  diluted 
with  salt  solution  (0.85  per  cent.)  and  acetic  acid  in  such  proportion 
that  the  final  volume  of  twenty-five  cubic  centimeters  contains  0.2 
per  cent,  acetic  acid.  In  some  instances  blood  serum  denaturalized 
by  heat  has  been  added  to  the  mixture  as  substrate  for  the  proteo- 
lytic enzyme  of  the  serum.  All  mixtures  have  been  incubated  during 
four  or  five  days  at  37°  C.  A  mixture  containing  the  same  ingre- 
dients has  served  as  control  and  has  been  immediately  heated  to 
boiling.  Since  it  is  undesirable  to  withdraw  repeatedly  consider- 
able quantities  of  blood,  the  quantity  of  serum  which  has  been  sub- 
jected to  autolysis  has  been  small  and  occasionally,  for  lack  of  mate- 
rial {e.  g.,  Experiment  9),  it  has  been  necessary  to  omit  this  control. 
After  coagulation  by  heat,  the  coagulum  has  been  removed  by  filtra- 
tion, and  nitrogen  in  the  filtrate  has  been  determined  by  the  Kjeldahl 
method;  the  amount  of  nitrogen  liberated  by  digestion  of  coagu- 
lable  protein  will  be  expressed  in  cubic  centimeters  of  one-tenth 
normal  sulphuric  acid. 

In  some  experiments  autolytic  activity  of  serum  from  an  animal 
receiving  daily  doses  of  chloroform  has  been  tested  on  different 
days;  the  first  test,  made  before  administration  of  chloroform, 
serves  as  a  normal  standard  for  comparison  with  subsequent  changes. 
In  other  instances  the  serum  of  animals  which  have  received  chloro- 
form has  been  compared  with  normal  serum  from  another  animal. 
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Repeated  tests,  some  of  wliicli  will  be  recorded,  have  demonstrated 
that  autolysis  in  neutral  or  alkaline  media  under  conditions  other- 
wise similar  to  those  just  described  fails  to  occur  or  is  much  less 
mark'cd  than  autolysis  in  the  ])resence  of  acid. 

Experiment  i. — A  dog  (weight  6,950  grin.)  received  on  two  successive  days 
10  c.c.  of  chloroform.  Coagulation,  time  of  the  l)lood  before  administration  of 
chloroform  was  four  minutes  and  five  seconds.  On  the  third  day  of  the  experi- 
ment the  animal  was  sick  and  the  blood  failed  to  coagulate  within  one  hour. 
The  following  figures  represent  autolysis  in  the  presence  of  acid  before  and 
after  administration  of  chloroform.  Furthermore,  serum  obtained  on  the  third 
day  has  been  compared  with  the  serum  of  a  normal  dog. 


Autolysis  of  5  c.c.  of  serum  during  4  days  at  37°. 

Control. 

In  neutral 
medium. 

0.2  per  cent,  so- 
dium carbonate. 

0.2  per  cent, 
acetic  acid. 

Serum    of   chloroform    dog    before 
administration     of     chloroform. 
(First  day;  normal  serum.) 

Serum  of  chloroform  dog  on  third 
dav 

1-35 

1-5 
1-75 

1.7 

1-75 

2.5 
2.05 

30 
6.4'5 

Serum  of  normal  dog 

3-6 

The  -accuracy  of  the  figures  obtained  with  serum  of  the  dog  which  had 
received  chloroform  (3d  day)  and  normal  serum,  autolyzed  in  the  presence  of 
acid,  is  confirmed  by  an  additional  test  made  with  3  c.c.  of  each  serum  tested 
in  the  same  medium:  serum  of  chloroform  dog  (3d  day),  4.3;  normal  serum,  2.8. 

The  administration  of  chloroform  has  caused  well  marked  in- 
crease in  the  autolytic  activity  of  blood  serum  tested  in  acid,  and 
little  change  when  tested  in  alkaline  (perhaps  trivial  increase)  or  in 
neutral  medium. 

Since  the  quantities  subjected  to  autolysis  are  small,  experiments 
have  been  multiplied  with  the  purpose  of  establishing  the  accuracy 
of  the  result.  In  Experiment  2,  in  addition  to  the  tests  previously 
employed,  serum  and  protein  substrate  (denaturalized  serum)  have 
been  incubated  in  the  presence  of  acetic  acid. 

Experiment  2. — A  dog  (weight  6,750  grm.)  received  on  four  successive  days 
10  c.c.  of  chloroform.  Blood  was  drawn  on  the  first  day  (coagulation  time 
three  minutes,  forty  seconds),  on  the  fourth  day  (five  minutes,  twenty-one 
seconds),  and  on  the  fifth  day   (four  minutes,  twenty-three  seconds). 
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1st  day  (normal). 

4th  day 

5th  day 


Autolysis  of  3  c.c.  of  serum  during  4  days  at  37°. 


Control. 


I.O 
I.I 
1.8 


In  neutral 
medium. 


I. OS 
1.05 
1-75 


0.2  per  cent, 
acetic  acid. 


3-7 

S-OS 

4-95 


I  c.c.  serum,  sub- 
strate, and  0.2  per 
cent,  acetic  acid. 


2.85 
3-45 
4.IS 


Experiment  3. — A   dog  received  chloroform  by   mouth   on   fourteen  succes- 
sive days.     The  serum  was  tested  as  follows : 


Autolysis  of  3  c.c.  of  serum  during  5  days  at  37°. 

Control. 

In  neutral  medium. 

0.2  per  cent,  acetic 
acid. 

1st  day  (normal) 

1.2 
* 

1.9 

2.4 

14th  day 

S-6S 

*  Control  on  fourteenth  day  doubtless  approximates  closely  digestion  in 
neutral  medium   (1.9  c.c.)    and  certainly  does  not  exceed  this  figure. 

Experiment  4. — A  dog  (weight  7,000  grm.)  received  on  four  successive  days 
10  c.c.  of  chloroform.  Blood  was  drawn  on  the  first  day  (coagulation  time,, 
four  minutes),  on  the  fourth  day  (nine  minutes,  twenty  seconds),  and  on  the 
fifth  day  (six  minutes,  twenty-one  seconds).  The  animal  was  moribund  on  the 
fifth  day. 


1st  day  (normal) 

4th  day  

5th  day 


Autolysis  of  3  c.c.  serum  during  5  days  at  37°. 


Control. 


[1.05]* 
2.1 
5.85 


In  neutral 
medium. 


1.05 

1.9 

5-9 


0.2  per  cent, 
acetic  acid. 


3-2 
4.6 
9.2 


I  C.C.  serum, 

substrate,  and 

0.2  per  cent. 

acetic  acid. 


2.65 

4-3 

8.1S 


*  This  control  was  not  determined,  as  the  available  serum  was  insufficient ; 
other  experiments  show  that  normal  serum  incubated  in  neutral  medium  gives 
the  same  figure  as  serum  coagulated  immediately.  It  has  been  assumed  that 
this  control  is  identical  with  the  figure  obtained  after  incubation  with  reaction 
unchanged. 

In  Experiment  4,  increase  of  the  control  is  noteworthy;  the  serum 
contains,  in  greatly  increased  quantity,  nitrogenous  substances  in- 
coagulable by  heat.  Nevertheless,  when  these  controls  are  sub- 
tracted from  the  figures  obtained  after  incubation,  evidence  of 
increased  proteolytic  activity  is  obtained. 

In   the    following   experiments,    which   confirm   those    recorded 
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above,    there   is   moderate   increase   of  proteolytic  activity,   which 
reaches  a  niaxinniin  on  the  fourth  day  of  chloroform  intoxication. 

l-^xriiKiMKNT  5. — A  i\o^  (wcIkIiI  5,000  Rrm.)  received  on  six  successive  days 
10  c.c.  of  chloroform,  lilood  was  drawn  on  the  first  day  (coagulation  time,  one 
minute,  twenty-seven  seconds),  on  the  fourth  day  (coagulation  time,  eight 
minutes,  fifteen  seconds),  and  on  the  seventh  day  (coagulation  time,  six  minutes, 
six  seconds). 


Autolysis  of  3  c.c.  serum  during  4  day*  at  37°. 

Control. 

In  neutral 
medium. 

0.2  per  cent, 
acetic  acid. 

.substrate,  and 
0.2  per  cent, 
acetic  acid. 

1st  day  (normal) 

0.9 
0.9 
I.O 

1.05 
1.0 

i.os 

2.8 
3-7 
3-7 

2.55 

2.7 

2.85 

4th  day 

7th  day 

Experiment  6. — A  dog  (weight  4,750  grm.)  received  on  ten  out  of  eleven 
days  (sixth  day  excepted)  7  c.c.  of  chloroform.  Coagulation  time:  first  day, 
five  minutes,  eighteen  seconds ;  fourth  day,  four  minutes,  thirty-four  seconds ; 
seventh  day,  two  minutes,  seven  seconds ;  tenth  day,  three  minutes,  fifteen 
seconds. 

Autolysis  of  4  c.c.  serum  during  4  days  at  37°. 
Control.  0.2  per  cent,  acetic  acid. 


1st  day   (normal)    1.2 

4th    day    1.2 

7th   day    1.5 

loth   day    1.5 


3-15 
3-95 
3-75 
4-5 


Experiment  7. — A  dog  (weight  5,600  grm.)  received  on  six  out  of  seven  days 
(none  on  sixth  day)  7  c.c.  of  chloroform.  Coagulation  time:  first  day,  five 
minutes,  thirty-one  seconds;  fourth  day,  seven  minutes,  seventeen'  seconds; 
seventh  day,  seven  minutes,  fifteen  seconds. 

Autolysis  of  4  c.c.  serum  during  5  days  at  37°. 
Control.  0.2  per  cent,  acetic  acid. 

1st   day    (normal)    1.2  3.45 

4th   day    1.45  4.85 

7th   day    1.55  4.35 

The  experiments  demonstrate  that  the  well  marked  increase  of 
proteolytic  activity  exhibited  by  animals  which  have  received  chlor- 
oform, attains  its  maximum  on  the  third  or  fourth  day  of  intoxica- 
tion, and  tends  to  be  greatest  when  intoxication  is  most  severe  and 
when  delay  of  coagulation  time  is  considerable.  Increased  activity 
of  autolysis  may  be  absent  when  the  critical  period  of  intoxication 
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has  passed  or  when  the  injurious  action  of  chloroform  has  been 
shght.  In  the  follow  ing  experiment  there  has  been  no  evidence  of 
increased  enzymotic  activity. 

Experiment  8. — A  dog  received  lo  c.c.  of  chloroform  on  six  successive  days. 
Coagulation  time:  first  day,  three  minutes,  forty-five  seconds;  fourth  day,  ten 
minutes,  sixteen  seconds ;  seventh  day,  two  minutes,  twelve  seconds. 


1st  day  (normal) 

4th  day  

7th  day 


Autolysis  of  3  c.c.  serum  during  4  days  at  37°. 


Control. 


I.O 
1. 15 
2.5 


In  neutral 
medium. 


I.I 

1.5 

2.4 


0.2  per  cent, 
acetic  acid. 


4.0 
4.0 
3.9 


3  c.c.  serum. 

substrate,  and 

0.2  per  cent. 

acetic  acid. 


2.85 
3.0  i 
3.8 


The  very  active  anti-enzymotic  activity  of  this  serum  will  be  mentioned  later. 

In  the  following  experiment  there  is  a  close  relationship  between 
proteolytic  activity  and  severity  of  intoxication,  well  indicated  by 
delay  of  coagulation  time. 

Experiment  9. — A  small  quantity  of  serum  (i  c.c.)  has  been  allowed  to  act 
upon  coagulated  protein  (5  c.c.  of  heated  blood  serum)  during  five  days  at 
37''  C.  The  sera  of  four  dogs  which  have  received  7  c.c.  of  chloroform  on 
two  successive  days  have  been  drawn  on  the  third  day,  and  the  proteolytic  activity 
in  neutral  and  acid  media  compared  with  that  of  the  sera  from  two  normal  dogs. 


Normal  Dog  A.  .  .  . 
Normal  Dog  B .  .  .  . 
Chloroform  Dog  A . 
Chloroform  Dog  B . 
Chloroform  Dog  C. 
Chloroform  Dog  D 


Coagulation  time. 

Serum  -t-  heated 

Serum  -|-  heated  serum 

serum  after  5  days 

-|-  0.2  per  cent,  acetic  acid 

Minutes. 

Seconds. 

at  37°. 

after  5  days  at  37°. 

I 

IS 

1-7 

1.65 

2 

30 

1-75 

1.75 

7 

30 

1.8s 

2.1 

9 

30 

1.6s 

2.15 

16 

30 

2.35 

2.25 

30 

0 

2.65 

3-SS 

On  the  fourth  day  Chloroform  Dog  C  was  much  less  sick  than  on  the  pre- 
vious day,  whereas  Chloroform  Dog  D  was  moribund.  The  following  data 
were  obtained : 


Coagulation  time. 

Serum  +  heated 

serum  after  5  days 

at  37°. 

Serum  +  heated  serum 

+  0.2  per  cent,  acetic  acid 

alter  5  days  at  37°. 

Minutes. 

Seconds. 

Chloroform  Dog  C 

Chloroform  Dog  D 

12 

21 

30 
0 

1.6 

2.8 

2.3 

4-45 
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The  fip^ures  obtained  are  small,  but  the  changes  which  occur  are 
the  same  as  tliose  previously  described.  It  is  noteworthy  that  the 
coagulation  time  of  the  blood  is  a  fair  index  of  the  intoxication 
caused  by  chloroform,  'ihcre  has  been  a  close  relationship  between 
coagulation  time  and  autolytic  activity,  both  in  an  acid  and  in  an 
approximately  neutral  medium.  The  close  relation  between  the 
toxic  effect  of  chloroform  and  autolytic  activity  of  the  blood  serum 
is  well  illustrated  by  the  tests  made  on  the  fourth  day.  Dog  C  has 
in  part  recovered  from  the  depression  produced  by  the  first  two 
doses,  and  its  serum  exhibits  autolytic  activity  not  far  removed  from 
normal,  whereas  the  serum  of  Dog  D,  which  has  been  profoundly 
poisoned,  exhibits  increased  autolytic  activity. 

Having  in  view  the  possibility  that  degenerative  changes  in  the 
liver  are  associated  with  increased  activity  of  proteolytic  enzymes, 
we  have  undertaken  a  series  of  experiments  to  determine  if  the  blood 
serum  of  animals  receiving  chloroform  or  phosphorus  exhibits  any 
alteration  of  the  normal  power  of  blood  serum  to  restrain  the  auto- 
lysis of  liver. 

Experiment  io. — A  dog  has  been  given  daily  doses  of  chloroform  (2  grm. 
per  kilo  of  body  weight)  during  ten  days.  An  emulsion  has  been  prepared  by 
mixing  finely  ground  liver  with  four  times  its  volume  of  salt  solution ;  20  c.c.  of 
this  mixture  have  been  allowed  to  undergo  autolysis  during  five  days  at  37°  C.  both 
alone  and  in  the  presence  of  blood  serum  from  the  same  animal  and  from  a 
normal  animal.  The  volume  of  the  mixture  has  been  increased  in  every  instance 
to  25  c.c.     Autolysis  of  liver  alone  is  represented  by  25.7  c.c.  N/io  sulphuric  acid. 

Normal  serum.  Chloroform  serum. 

Liver  -\-  i  c.c.    serum    22.25  20.2 

Liver  +  2.5  c.c.  serum    18.4  18.65 

Liver -f  5  c.c.    serum    15.5  17.05 

Blood  serum  has  inhibited  autolysis  in  slight  degree,  but  no 
noteworthy  change  of  inhibition  has  been  caused  by  administration 
of  chloroform.  When  a  small  quantity  of  serum  has  been  em- 
ployed, inhibition  has  been  slightly  greater  with  chloroform  than 
with  normal  serum.  It  is  probable  that  the  slightly  higher  figure 
obtained  with  five  cubic  centimeters  of  serum  of  the  animal  which 
received  chloroform,  is  referable  to  its  greater  content  of  nitroge- 
nous substances  incoagulable  by  heat. 
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In  other  experiments,  fresh  hver  of  the  rabbit  has  been  subjected 
to  autolysis  in  the  presence  of  serum  of  a  normal  rabbit  and  of 
serum  of  a  rabbit  poisoned  with  phosphorus. 

Experiment  ii. — A  suspension  of  normal  rabbit's  liver  (lo  c.c.)  has  under- 
gone autolysis  represented  by  5.95  c.c.  N/io  sulphuric  acid  (control,  2.05  c.c). 
The  following  figures  represent  the  efifect  of  normal  serum  and  of  serum  of  a 
rabbit  receiving  phosphorus  upon  the  same  quantity  of  this  suspension : 

Normal  sctum.  Chloroform  serum. 

Liver  +  025  c.c 6.1  6.0 

Liver  +  0.5  c.c 5.45  6.05 

Liver  -\-  i  c.c 5.65  5.1 

There  has  been  no  constant  or  noteworthy  difference  in  the  effect 
of  normal  serum  and  of  serum  after  administration  of  phosphorus 
upon  autolysis  of  normal  liver. 

In  a  subsequent  experiment  the  liver  of  an  animal  which  has 
received  phosphorus  has  been  allowed  to  undergo  autolysis.  The 
attempt  has  been  made  to  determine  if  serum  of  an  animal  simi- 
larly treated  with  phosphorus  differs  from  normal  serum  in  its 
effect  upon  the  autolysis  of  phosphorus  liver. 

Experiment  12. — One  gram  of  liver  exhibiting  fatty  degeneration  as  the 
result  of  phosphorus  has  been  suspended  in  25  c.c.  of  salt  solution  and  allowed 
to  autolyze  alone  and  in  the  presence  of  serum. 


Liver 

Liver +  2  c.c  normal  serum.  .  .  . 
Liver +2  c.c.  phosphorus  serum 


Control. 


2.6 
3.7 


After  incubation 

during  5  days  at 

37°. 


6.05 
5-05 
6.45 


Digestion. 


3.4s 
1-95 
2.75 


Both  normal  and  phosphorus  serum  have  inhibited  autolysis  of 
the  liver  of  an  animal  which  has  received  phosphorus.  Inhibition 
has  been  less  with  the  serum  obtained  after  administration  of 
phosphorus  than  with  that  of  the  normal  animal,  but  the  foregoing 
experiments  offer  little  evidence  that  the  anti-enzymotic  activity  of 
the  phosphorus  animals  undergoes  any  significant  change. 

Far  more  constant  results  have  been  obtained  when  the  serum 
of  animals  which  have  received  chloroform  has  been  allowed  to  act 
upon  an  enzyme  which,  unlike  the  autolytic  enzyme  of  the  liver. 
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acts  with  greatest  acii\ity  in  an  alkaline  medium.  Various  quan- 
tities of  serum  from  animals  which  have  received  chloroform  and 
of  serum  from  normal  animals  have  heen  allowed  to  act  upon  a 
fixed  quantity  of  enzyme  of  polynuclear  leucocytes  (leucoprotease). 
Leucoprotease  (twenty  millii^rams)  has  hccn  allowed  to  digest 
coagulated  blood  serum  both  alone  and  in  the  presence  of  normal 
and  of  chloroform  serum. 

I^XPKRIMENT  13. — The  seruiii  of  a  dog  which  has  received  160  c.c.  of  chloro- 
forni  during  fourteen  days  has  been  employed. 

After  incubation  dur- 
Control.  ing  5  days  at  37°. 

20  mgr.  leucoprotease  +  coagulated  serum   1.55  19.4 

Normal  serum.  Chloroform  serum 

Above  mixture  +  0.25  C.C.  serum  19-25  12.1 

Above  mixture  +  0.5    c.c.  serum  15.55  4-35 

Above  mixture  +  i.o   cc.  serum   5.45  3.3 

Inhibition  has  been  uniformly  greater  with  the  serum  of  the  ani- 
mal W'hich  has  received  chloroform  than  with  the  serum  of  a  normal 
animal. 

The  experiment  has  been  repeated  with  serum  of  a  dog  which  has 
received  repeated  doses  of  chloroform  administered  by  mouth. 

Experiment  14. — 

After  incubation  dur- 
Control.  ing  5  days  at  3/°. 

20  mgr.  leucoprotease  +  coagulated  serum 1.9  20.35 

Normal  serum.         Chloroform  serum. 

Above  mixture  +  0.25  c.c.  serum  20.3  15.4 

Above  mixture  +  0.5    c.c.  serum  19.  i  4.0 

Above  mixture  -\-  i.o   c.c.  serum  8.8  3.2 

Small  quantities  (0.2  and  0.5  cubic  centimeter)  of  normal  serum 
produce  almost  no  effect  upon  the  enzyme,  yet  the  same  quantities 
of  chloroform  serum  greatly  diminish  its  activity. 

Continued  increase  of  anti-enzymotic  activity  of  the  blood  serum 
is  well  seen  in  the  following  experiment  in  w^hich  tests  repeated  at 
intervals  of  three  days  have  been  made  with  the  serum  of  an  animal 
to  which  chloroform  has  been  administered  daily. 

Experiment  15. — A  dog  weighing  4,750  grm.  has  received  daily  during  eleven 
days    (the  sixth   day  excepted)    12  c.c.   of  chloroform.     From  25  to  35  c.c.   of 
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blood  have  been  drawn  at  intervals  of  three  days.  Coagulation  time :  first  day, 
tive  minutes,  eighteen  seconds;  fourth  day,  four  minutes,  forty-three  seconds; 
seventh  day,  two  minutes,  seven  seconds ;  tenth  day,  three  minutes,  fifteen  sec- 
onds. On  the  fifth  day  there  has  been  slight  jaundice  which  has  subsequently 
increased  in  intensity.  The  inhibition  of  20  mgr.  leucoprotease  caused  by  0.5  c.c. 
of  serum  is  shown  by  the  following  figures: 

After  incubation 

during  5  days 

at  37°. 

20  mgr.  leucoprotease -|- coagulated  blood  serum   1725 

Same  mixture  +  0.5  c.c.  serum  on    ist  day  (normal)    1375 

Same  mixture  -{•  0.5  c.c.  serum  on    4th  day 12.45 

Same  mixture  -f-  0.5  c.c.  serum  on    7th  day 5.25 

Same  mixture  +  0.5  c.c.  serum  on  loth  day  2.9 

The  following  test  shows  that  administration  of  phosphorus  has 
the  same  effect  as  administration  of  chloroform  upon  the  anti-en- 
zymotic  activity  of  the  blood  serum. 

Experiment  16. — A  dog  weighing  7,700  grm.  has  received  1/50  grain  of 
phosphorus  every  second  day  during  fourteen  days.  Its  blood  serum  (coagula- 
tion time,  four  minutes,  nine  seconds)  has  been  compared  with  two  normal  sera. 

After  incubation  dur- 
ing 5  days  at  37°. 

20  mgr.  leucoprotease  -\-  coagulated  serum  1725 

Same  mixture  and  0.5  c.c.  normal  serum  A 13-75 

Same  mixture  and  0.5  c.c.  normal  serum  B I5-I5 

Same  mixture  and  0.5  c.c.  phosphorus  serum 7.;!^ 

One-half  cubic  centimeter  of  normal  serum  exhibits  slight  anti- 
enzymotic  activity,  whereas  the  same  amount  of  serum  from  an 
animal  which  has  received  phosphorus  causes  strong  inhibition  of 
an  equal  amount  of  enzyme. 

Increased  inhibition  of  leucoprotease,  demonstrable  in  the  serum 
of  dogs  which  have  received  chloroform  or  phosphorus,  has  been 
found  in  rabbits  as  well. 

Experiment  17. — In  the  following  series  of  tests,  sera  from  a  rabbit  which 
has  received  phosphorus  has  been  obtained  on  diflferent  days  and  has  been 
compared  with  normal  sera. 

20  mgr.  leucoprotease  +  coagulated  blood  serum:  control,  2.8;  after  incubation 
during  5  days  at  sj""  C,  19.45. 

With  serum  of  the  animal  which  has  received  small  doses  of 
phosphorus,  digestion  caused  by  leucoprotease  is  constantly  less 
than  with  normal  sera. 
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Normal  lerum.  Phoaphorua  serum. 

A     Same  mixture  -|-  0.25  c.c.  scrum   15.2  10.7S 

Same  mixture  -f-  0-5    c.c.  scrum   7.05  5.2 

The  following  test  has  been  made  4  days  later : 
B     Same  mixture  -\-  0.25  c.c.  serum    16.95  10.9 

The  following  test  has  been  made  one  day  after  last: 

C     Same  mixture  +  0.25  c.c.  serum    16.55  1 1-95 

Same  mixture  -f-  0.5    c.c.  serum    7.25  4.6 

Tlie  foregoing  experiments  show  that  the  blood  serum  under  the 
influence  of  a  poison  such  as  chloroform,  acting  with  intensity  suffi- 
cient to  cause  necrosis  of  the  liver  and  diminish  the  coagulability  of 
the  blood,  acquires  increased  ability  to  cause  digestion  of  protein. 
This  increased  proteolysis  is,  in  part  at  least,  referable  to  an  enzyme 
which,  like  the  autolytic  enzyme  of  the  liver  and  almost  all  other 
organs,  digests  with  maximum  activity  in  a  weakly  acid  medium. 
It  is  not  improbable  that  proteolytic  enzyme  is  liberated  by  disin- 
tegration of  parenchymatous  cells  and  carried  away  by  the  blood. 

In  animals  which  survive  the  severe  intoxication  produced  by 
large  doses  of  chloroform,  or  in  those  which  have  repeatedly  re- 
ceived smaller  doses,  the  blood  serum  acquires  increased  ability  to 
restrain  the  action  of  a  proteolytic  enzyme;  but  this  anti-enzymotic 
action  is  exerted,  not  upon  the  enzyme  of  the  liver,  which  acts  in 
acid,  but  upon  an  enzyme  which  acts  in  the  presence  of  alkali, 
namely,  leucoprotease.  There  is  little  reason  to  doubt  that  the 
same  serum  will  restrain  the  action  of  a  second  enzyme  which  acts 
in  alkali,  namely,  trypsin,  for,  on  the  one  hand,  Jochmann  and 
Kantorowicz  have  found  that  anti-enzyme  for  enzyme  of  leucocytes 
and  for  trypsin  increases  simultaneously,  and,  on  the  other  hand, 
K.  Meyer  has  found  the  anti-tryptic  activity  of  the  serum  increased 
in  animals  which  have  received  phosphorus.  Anti-enzyme  for  one 
type  of  enzyme  is  increased;  whereas  evidence  heretofore  available 
indicates  that  a  second  type  of  enzyme  is  predominant  in  those 
tissues  which  are  subject  to  the  destructive  action  of  the  poison. 
Furthermore,  our  experiments  have  shown  that  an  enzyme  similar 
to  that  of  the  injured  organ  accumulates  in  the  blood  serum.  It  is 
difficult  to  correlate  these  observations. 

Nevertheless,  the  experiments  of  Hedin  and  of  Dochez  show  that 
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the  liver  contains  a  second  enzyme  which,  unHke  that  directly  ob- 
tainable from  fresh  liver,  digests  protein  in  the  presence  of  an 
alkaline  medium.  These  observations  suggest  the  possibility  that 
this  enzyme  may  have  a  part  in  changes  which  increase  the  anti- 
enzymotic  activity  of  the  blood  serum  after  administration  of  sub- 
stances which  injure  the  liver.  Treatment  of  fresh  liver  with  acid 
discloses  an  enzyme  which  digests  in  the  presence  of  acid.  Does 
the  serum  of  an  animal  which  has  received  repeated  doses  of  chloro- 
form and  exhibits  increased  powder  to  inhibit  leucoprotease  and, 
doubtless,  trypsin,  exhibit  as  well  increased  power  to  inhibit  that 
enzyme  of  the  liver  which  is  similar  to  these  two  enzymes?  The 
experiments  which  follow^  have  been  undertaken  with  the  purpose 
of  answ^ering  this  question. 

Using  the  method  described  by  one  of  us  (Dochez),  we  obtained 
that  enzyme  which  digests  protein  in  the  presence  of  alkali,  by 
subjecting  fresh  liver  to  the  action  of  weak  acetic  acid  during 
a  period  of  twenty-four  hours.  Liver  just  after  removal  with 
aseptic  precautions  from  an  etherized  animal  has  been  finely  ground 
by  means  of  a  hashing  machine;  ground  liver  has  been  mixed 
with  twice  its  volume  of  salt  solution  to  which  acetic  acid  has  been 
added  in  such  amount  that  the  concentration  of  the  mixture  is  0.2 
per  cent.  After  this  mixture  has  stood  at  a  temperature  slightly 
above  freezing  during  twenty-four  hours,  the  acid  has  been  neu- 
tralized by  an  equivalent  quantity  of  one-tenth  normal  sodium 
hydroxide.  Ten  cubic  centimeters  of  this  neutralized  mixture  has 
been  allowed  to  undergo  autolysis  and  the  inhibition  caused  by 
various  quantities  of  serum  has  been  tested.  In  order  to  determine 
if  the  inhibitory  activity  of  serum  is  increased  during  the  progress 
of  chloroform  poisoning,  normal  serum  has  been  compared  with 
serum  obtained  after  repeated  administration  of  chloroform.  For 
the  purpose  of  the  present  investigation,  a  comparative  study  of 
anti-enzymotic  activity  for  leucoprotease  and  for  enzyme  of  liver 
has  been  essential,  and  parallel  tests  of  the  action  of  each  serum 
upon  the  two  enzymes  have  been  made. 

The  change  which  occurs  rapidly  when  liver  is  treated  with  acid 
occurs  slowly  when  liver  in  approximately  neutral  suspension  is 
preserved  under  conditions  which  prevent  bacterial  growth.     In  the 
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following  experiment  a  suspension  allowed  to  stand  under  toluol 
during  two  months  has  been  used. 

Experiment  i8. — Two  dogs,  Dogs  A  and  B,  have  received  daily  lo  c.c.  of 
chloroform  iiy  stomach.  Blood  has  been  drawn  on  the  first  and  on  the  fourth 
day  of  tlic  experiment.  Anti-enzymotic  activity  of  this  scrum  has  been  tested 
by  allowing  a  given  quantity  of  Icucoprotease  (20  mgr.)  to  act  upon  substrate 
(5  c.c.  heated  blood  serum)  in  the  presence  of  0.5  c.c.  of  blood  scrum  obtained 
before  administration  of  chloroform  and  on  the  fourth  day  of  administration.  A 
parallel  test  has  been  made  with  liver  which  has  been  allowed  to  stand  on  ice  over 
toluol  during  two  months  in  order  to  liberate  that  enzyme  which,  like  Icuco- 
protease, digests  in  alkali.  This  suspension  of  liver  has  been  made  by  mixing 
equal  volumes  of  liver,  ground  through  a  hashing  machine,  and  of  salt  solution 
with  sodium  carbonate  in  the  proportion  of  o.i  per  cent.  Ten  cubic  centi- 
meters of  this  suspension  diluted  with  salt  solution  so  that  the  total  volume  is 
25  c.c.  has  been  allowed  to  undergo  autolysis ;  the  same  quantity  has  been 
autolyzed  in  the  presence  of  blood  serum. 

Leucoprotease  (20  mgr.)  acting  upon  the  substrate  is  represented  by  16.2  c.c. 
N/io  H2SO4  (control,  1.8  c.c).  Autolysis  of  liver  (10  c.c.)  alone  is  represented 
by  7.5  c.c.  N/io  H2SO4  (control  3.3  c.c).  The  following  table  represents  a  com- 
parison of  digestion  by  leucoprotease  and  autolysis  of  liver  in  the  presence  of 
the  same  serum. 


Digestion  with 
leucoprotease  +  0.5 

Autolysis  of 

active  liver. 

c.c.  serum. 

+  0.5  c.c.  serum. 

-)-  I  c.c.  serum. 

Chloroform  Dog  A. 

With  0.5  c.c.  serum  obtained  before 

administration  of  chloroform  .  .  . 

13.6 

6.7* 

8.IS 

With  0.5  c.c.  serum  obtained  on  4th 

day  of  chloroform  administration 

3-35 

5.2 

Chloroform  Dog  B. 

With  0.5  c.c.  serum  obtained  before 

administration  of  chloroform  .  .  . 

11.4 

8.35 

7-55 

With  0.5  c.c.  serum  obtained  on  4th 

day  of  chloroform  administration 

3-iS 

5-3 

5-45 

*  This  figure  should  be  somewhat  higher,  since  loss  occurred  as  result  of 
accident  during  Kjeldahl  determination. 

On  the  fifth  day  of  the  experiment  the  serum  of  each  dog  has  been  again 
tested,  but  as  it  has  been  necessary  to  use  for  autolysis  a  different  suspension  of 
liver,  no  comparison  with  the  foregoing  test  is  possible  and  consequently  the  two 
sera  have  been  compared  with  sera  from  two  normal  dogs.  Liver  suspended  in 
an  equal  volume  of  salt  solution  has  been  allowed  to  stand  in  the  ice-chest  under 
toluol  during  approximately  two  months;  slight  acidity  of  the  suspension  has 
been  neutralized  by  addition  of  N/io  NaOH  (4.8  c.c.  to  170  c.c  of  suspension). 
Ten  cubic  centimeters  of  the  suspension  have  been  used  for  each  test ;  5  c.c  of 
blood  serum  have  been  added  with  the  purpose  of  supplying  additional  substrate 
for  the  proteolytic  enzyme  derived  from  the  liver. 
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Digestion  after  incubation  during  five  days  at  37"  C.  is  represented  by  12.95 
c.c.  N/io  H2SO4  (control  4.8  c.c). 

With  0.5  c.c.  serum.      With  i  c.c.  serum. 

Serum  of  Chloroform  Dog  A  7-65  7«i 

Serum  of  Chloroform  Dog  B  7-6  565 

Serum  of  Normal  Dog  A 965  6.95 

Serum  of  Normal  Dog  B  8.2  7.3 

The  degree  of  inhibition  will  obviously  depend  upon  the  strength 
of  the  enzyme  and  of  the  anti-enzymotic  activity  of  the  serum.  In 
the  second  series  of  tests,  one  cubic  centimeter  of  normal  serum  has 
so  materially  reduced  the  activity  of  the  enzyme  that  differences 
between  normal  serum  and  serum  after  administration  of  chloro- 
form are  in  large  part  obliterated. 

In  the  first  series  of  tests  (Experiment  18),  the  inhibiting  action 
of  each  serum  upon  leucoprotease  has  been  compared  with  its  action 
upon  enzyme  of  liver;  with  well  marked  decrease  of  anti-enzyme 
for  the  one,  there  has  been  a  parallel  increase  for  the  other.  In 
the  following  experiment  the  serum  tested  has  shown  no  noteworthy 
decrease  of  anti-enzyme  for  leucoprotease  and  there  has  been  little, 
if  any,  change  in  its  ability  to  restrain  the  similar  enzyme  of  liver. 

Experiment  19. — Two  animals  received  on  four  successive  days  10  c.c.  of 
chloroform.  Blood  was  drawn  before  administration  and  on  the  fourth  day  of 
the  experiment.  The  effect  of  these  sera  upon  leucoprotease  and  upon  enzyme 
of  liver  is  shown  by  the  following  figures : 

Leucoprotease  (20  mgr.)  acting  upon  substrate  is  represented  by  16.2  c.c. 
N/io  H2SO4  (control,  1.8  c.c).  Autolysis  of  liver  alone  is  represented  by  7.5 
c.c.  N/io  H2SO4  (control,  3.3  c.c). 

Chloroform  Dog  C. 

Digestion  with  leuco-  Autolysis  of  active 

protease  +  0.5  c.c.  serum.         liver  +  0.5  c.c.  serum. 

With  serum  obtained  before  administration  of 
chloroform 95  7-9 

With  serum  obtained  on  4th  day  after  chloro- 
form administration 8.5  7-55 

Chloroform  Dog  D. 
With  serum  obtained  before  administration  of 

chloroform   14-2  7-75 

With  serum  obtained  on  4th  day  of  chloro- 
form administration. 13.7  7-^5 
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In  the  following  experiment  serum  of  an  animal  which  has 
received  chloroform  is  compared  with  that  of  a  normal  dog. 

KxPF.RiMENT  20. — A  dog  Weighing  21  kilograms  has  received  daily  doses  of 
chloroform  increasing  from  0.5  to  7  cc.  Blood  has  been  drawn  on  the  four- 
teenth day  of  the  experiment.  Inhibition  of  leucoprotease  and  of  enzyme  of 
liver  are  compared. 

Leucoprotease  (20  mgr.)  acting  on  substrate  causes  proteolysis  represented 
by  16.6  cc.  N/io  HsSO^,  control  being  1.5.  Autolysis  of  the  liver  employed  is 
represented  by  27.2  cc.  N/io  H2S0«,  control  being  16.05  cc  In  order  to  make 
the  degree  of  inhibition  more  conspicuous,  the  control  has  been  subtracted  from 
the  figure  obtained  after  digestion  during  four  days  at  37°  C. 


Total  digestion  with 

leucoprotease  +  o-5 

cc.  serum. 

Total  autolysis 

of  liver. 

-f-  0.5  CO.  serum. 

+  I  CO.  serum. 

With  serum  of  normal  dog 

With  serum  of  chloroform  dog  .... 

14.9 
2.8 

12.7 
8.45 

12.15 
9-75 

Well  marked  increase  of  anti-enzyme  for  liver  pretreated  with 
acid  corresponds  with  increased  anti-enzyme  for  leucoprotease.  In 
the  following  experiment,  identical  in  other  respects  with  that  just 
described,  the  effect  upon  autolysis  of  pretreated  liver,  both  of 
normal  serum  and  of  serum  from  a  dog  which  has  received  chloro- 
form, has  been  tested  in  the  presence  of  alkali. 

Experiment  21. — The  foregoing  experiment  has  been  repeated  by  comparing 
serum  of  a  normal  dog  with  serum  of  a  dog  (weighing  21  kilograms)  which  has 
received  21  cc  of  chloroform  daily  (the  seventh  day  excepted)  during  ten  days. 

The  leucoprotease  and  suspension  of  liver  used  in  Experiment  20  have  been 
employed  and  the  control  has  been  subtracted  from  the  figure  obtained  after 
digestion  during  four  days  at  37°  C. 


With  serum  of  normal  dog  .  .  . 
With  serum  of  chloroform  dog 


Total  digestion  with 

leucoprotease  +  0.5 

c  c.  serum. 


13-2 
4.67 


Total  autolysis  of  liver. 


+  0.5  c,c.  serum. 


15-65 
12.9 


+  I  cc.  serum. 


13-8 
12.85 


In  order  to  obtain  further  information  concerning  the  progress 
of  the  changes  which  effect  the  anti-enzymotic  activity  of  the  blood 
serum,  comparative  tests  have  been  made  with  leucoprotease  and 
with  pretreated  liver  during  the  course  of  prolonged  administration- 
of  chloroform.     The  method  of  testing  inhibition  is  identical  with 
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that  previously  employed ;  no  alkali  has  been  added  to  the  mixtures 
prepared  for  proteolysis. 

Experiment  22. — Serum  has  been  obtained  from  a  dog  weighing  9  kilograms, 
which  during  nineteen  days  has  received  9  c.c.  of  chloroform  daily.  Coagula- 
tion time,  which  has  been  two  minutes  and  ten  seconds  before  administration  of 
chloroform,  has  been  tested  whenever  blood  has  been  drawn  and  has  never 
risen  above  three  minutes  and  thirty- five  seconds.  The  animal  has  been  jaun- 
diced on  the  eighteenth  day  of  the  experiment. 

The  following  table  gives  the  results  of  a  large  series  of  tests  made  on 
different  days  with  various  quantities  of  serum  added  to  mixtures  containing 
either  leucoprotease  or  liver  rendered  active  by  pretreatment  with  acid. 


Proteolysis  with  leucoprotease. 

Autolysis  of  pretreated  liver. 

With  no 
serum. 

0.25  c.c. 
serum. 

0.5  c.c. 
serum. 

With  no 
serum. 

16.2 
15-0 
18.2 
16.6 
16.3 
15-9 

0.25  c.c. 
serum. 

0.5  c.c. 
serum. 

I  c.c. 
serum. 

2  c.c. 
serum. 

1st  day 

(normal)  . 

4th  day 

7th  day 

loth  day 

14th  day 

i8th  day 

12.9 

15-7 
14.8 

11.65 
7-1 
6.5 
6.7 
6.2 
4.4 

9.5 

4-45 
4.4 

5-4 
4.6 

3-4 

12. 5 

9.8 

10. 1 

9.9 
10.5 

9-3 

II. 2 

8.45 
9.0 

9-5 
10. 0 

8.5 

10.5 
7-55 
8.05 
7.6 
8.8 
7-1 

8.9 
6.9 
8.0 

7-1 
8.1 
7.0 

Although  there  are  some  irregularities  in  the  progress  of  the 
changes  represented  by  the  foregoing  figures,  it  is  obvious  that  the 
power  of  the  serum  to  inhibit  the  active  enzyme  of  acid-treated 
liver  exhibits  an  increase  parallel  with  the  increased  power  to  in- 
hibit leucoprotease.  Here,  as  in  previous  experiments,  larger  quan- 
tities even  of  normal  serum  (one  or  two  cubic  centimeters)  cause 
such  well  marked  inhibition  of  the  hepatic  enzyme  that  differences 
are  less  conspicuous  than  when  small  quantities  (0.25  or  0.5  cubic 
centimeter)  are  employed.  To  demonstrate  more  clearly  the  paral- 
lel increase  of  anti-enzyme  for  the  two  enzymes  which  have  been 
compared,  curves  (Fig.  i.)  have  been  plotted  to  represent  digestion 
caused  by  hepatic  enzyme  (unbroken  line)  and  leucoprotease 
(broken  line)  in  the  presence  of  0.25  and  of  0.5  cubic  centimeter 
of  blood  serum. 

The  experiments  which  have  been  described  show  that  chloro- 
form given  in  quantity  sufficient  to  produce  profound  intoxication, 
indicated  by  necrosis  of  the  liver  and  loss  of  coagulability  of  the 
blood,  causes  an  increase  of  the  proteolytic  enzyme  normally  present 
in  the  blood  serum.     Increase  of  proteolytic  activity  is  exhibited 
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in  the  presence  of  weak  acid,  but  is  much  less  evident  in  an  alkahne 
or  neutral  medium.  This  observation  suggests  the  possibility  that 
the  proteolytic  enzyme  of  liver  tissue,  which  causes  autolysis  and 
has  maximum  activity  in  the  presence  of  acid,  is  freed  by  disinte- 
gration of  hepatic  cells  and  accumulates  in  the  blood  serum. 
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Chart  i, — Diagram  showing  increase  of  anti-enzymes  in  the  blood  serum  of 
an  animal  (see  Experiment  22)  receiving  chloroform  daily.  The  solid  lines 
represent  digestion  by  enzyme  of  acid-treated  liver  in  the  presence  of  0.25  c.c. 
(upper  solid  line)  and  of  0.5  c.c.  (lower  solid  line)  of  blood  serum.  The  broken 
lines  represent  digestion  by  leucoprotease  in  the  presence  of  0.25  c.c.  (upper 
broken  line)  and  of  0.5  c.c.  (lower  broken  line)  of  blood  serum.  Changes  in 
the  two  pairs  of  lines  are  an  index  of  the  activity  of  anti-enzyme  for  the  two 
enzymes,  and  are,  in  general,  parallel. 


The  anti-enzymotic  action  of  the  blood  serum  has  been  tested 
in  animals  which  have  repeatedly  received  chloroform  in  quantity 
insufficient  to  produce  fatal  intoxication.  There  is  no  increase  of 
the  normal  power  of  the  serum  to  restrain  autolysis  of  liver. 
Nevertheless,  when  anti-enzymotic  action  of  blood  serum  is  tested 
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with  leucoprotease,  gradually  increasing  activity  constantly  accom- 
panies continued  administration  not  only  of  chloroform  but  of 
phosphorus  as  well.  On  the  one  hand,  it  is  especially  noteworthy 
that  the  enzyme  of  leucocytes  digests  protein  in  an  alkaline  or  neu- 
tral medium,  whereas  the  proteolytic  enzyme  of  liver  exhibits  max- 
imum activity  in  acid.  On  the  other  hand,  it  is  now  known  that 
treatment  of  liver  with  weak  acid  renders  active  an  enzyme  which 
digests  with  energy  in  alkali  in  much  the  same  way  that  treatment 
of  fresh  extract  of  pancreas  with  acid  transforms  pancreatic  zymo- 
gen into  trypsin.  Is  increase  of  anti-enzyme  for  leucoprotease  an 
index  of  increase  of  anti-enzyme  for  this  second  enzyme  of  liver, 
which,  like  leucoprotease,  digests  protein  with  maximum  activ- 
ity in  alkali,  and  is,  perhaps,  freed  by  disintegration  of  liver  cells? 
Tests  with  acid-treated  liver  show  that  anti-enzyme  for  the  hepatic 
enzyme  which  digests  in  alkali  is  increased  during  the  progress  of 
chloroform  intoxication,  and  parallel  tests  with  leucoprotease  and 
with  this  hepatic  enzyme  have  shown  that  serum  which  exhibits 
increased  inhibition  of  one  exhibits  increased  power  to  restrain  the 
other. 

The  following  scheme  represents  the  relationship  of  hepatic  en- 
zymes to  enzymes  and  anti-enzymes  of  the  serum  which  is  sug- 
gested by  the  foregoing  experiments : 


Proteolytic  enzymes  of  liver.         Profeoiytlc  enzymes  of  blood  serum.  Anti-enzymotic  action  of  blood  serum. 


(A)   Enzyme  digesting  in 
acid. 


(A)   Enzyme  digesting  in 
acid. 

Increased  by  chloro- 
form. 


(A)  Alkalinity  of  serum. 


(B)   Enzyme  digesting  in       (B)   Enzyme  digesting  in       (B)  Anti-enzyme  for 


alkali. 

(Made      active 
acid-treatment 
fresh  liver.) 


alkali.     (Present  in 

by  globulin  fraction  of 

of  serum  and  inhibited 

by    anti-enzyme    of 

albumin  fraction.) 


trypsin,    leucoprote- 
ase, and  similar  en- 
zyme  of  liver. 
Increased  by  chloro- 
form. 


Increase  of  anti-enzyme  occurring  in  association  with  intoxication 
by  chloroform  or  by  phosphorus  is,  doubtless,  similar  to  that  which 
has  been  repeatedly  observed  with  the  cachexia  of  malignant  growth 
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with  various  infections,  and  with  other  conditions.  The  increased 
protein  disintegration  which  accompanies  such  processes  is,  perhaps, 
associated  with  Hheration  of  proteolytic  enzymes  similar  to  those 
concerned  in  the  postmortem  autolysis  of  organs.  1'he  experi- 
ments which  have  been  described  suggest  that  formation  of  anti- 
enzyme  is  a  means  by  which  the  body  is  protected  from  enzymes 
liberated  by  degeneration  of  cells. 
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AUTlFlClAh      STIMULATION      AND      INHIBI- 
TION OF  TliE  GKOWTH  OF  NOKMAL  AND 
SARCOMATOUS  TISSUES 

A   FOURTH   ARTICLE    ON    CULTIVATION    OF    TISSUE   IN 

VITRO  * 


ALEXIS    CARREL,    ]\LD. 

AND 

MONTROSE   T.   BURROWS,   M.D. 

NEW    YOKK 


Wo  have  stiulied,  by  tlie  method  of  cultivation  of  tis- 
sues in  vitro,  the  properties  acquired  by  the  plasma 
during  the  development  of  an  experimental  malignant 
tumor.  The  experiments  were  performed  on  chickens 
of  thoroughbred  stock,  obtained  from  the  same  farm, 
inoculated  with  the  sarcoma  |)ropagated  by  Dr.  Peyton 
Rous.  Fragments  of  this  tumor  and  of  normal  tissues 
of  chick  embryos  and  adult  individuals  were  cultivated 
comparatively  in  the  plasma  obtained  from  normal 
animals  and  in  the  plasma  obtained  from  sarcomatous 
chickens  at  different  stages  of  the  disease.  Sharp  dif- 
ferences in  the  rate  and  in  the  dimensions  of  the  growth 
could  easily  be  observed,  even  without  the  use  of  the 
microscope. 

INFLUENCE   OF   NORMAL  AND   SARCOMATOUS   PLASMAS   ON 
THE  GROWTH   OF   SARCOMATOUS   TISSUES 

Sarcoma  cultivated  in  the  plasma  of  the  individual 
bearing  the  tumor  grew  very  extensively.  The  area 
covered  by  the  new  cells  in  twenty-four  hours  was  often 
fifteen  or  twenty  times  larger  than  the  area  of  the  primi- 
tive fragment.  When  the  same  sarcoma  was  cultivated 
in  the  plasma  of  a  normal  animal  its  growth  was  active 
although  less  extensive  than  in  the  plasma  of  the  same 
individual.  The  same  sarcoma  cultivated  in  the  plasma 
of  another  sarcomatous  animal  grew  very  little  or  even 
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did  not  grow  at  all.     If  the  plasma  was  taken  from  an 
animal  recently  inoculated  and  bearing  a  small  tumor, 
it  inhibited,  slightly  only,  the  growth  of  the  tumor,  but 
if  it  belonged  to  an  animal  bearing  a  very  large  and 
actively    growing   tumor    it    prevented    completely   the 
development  of  the  cultures.     Therefore  the  pJa.^ma  of 
/I  sarcomatous  animal  acquires  the  property  of  inldhil- 
ing  the  growth  of  a  sarcoma  tal-en  from  another  animal. 
What  causes  the  inhibition?     Is  it  due  to  substances 
secreted  by  the  tumor  or  to  substances  produced  by  the 
organism  as  a  reaction  against  the  tumor?    If  the  inhi- 
bition is   caused  by  substances  secreted   by   the   tumor 
and  contained  in  the  blood  of  the  sarcnin;itous  auiinal,  it 
might  be  possible  to  give  that  inhibiting  power  artifici- 
ally to  normal  plasma  by  adding  to  it  serous  extract  of 
sarcoma.      Therefore    we    added    a    little    sarcomatous 
extract  to  cultures  of  sarcoma  in  normal  and  in  sarco- 
matous  plasmas.      The  growth    of   sarcoma   in  normal 
plasma  with  sarcomatous  extract  was  markedly  accel- 
erated.    It  showed,  evidently,  that  the  inhibiting  power 
of  sarcomatous  plasma  was  not  due  to  substances  secreted 
by  the  tumor.   Then  it  is,  possibly,  caused  by  substances 
produced   by   the   organism   as   a   reaction   against   the 
tumor.     It  is  important  to  consider  that  the  inhibiting 
power  of  tlie  sarcomatous  plasma  is  felt  only  by  a  tumor 
belonging  to  another  animal,  that  is,  by  a  homogenic 
tumor.    The  tumor  belonging  to  the  animal  from  which 
plasnui  M-as  taken,  tluit  is,  the  autogenic  tumor,  is  not 
affected  by  the  inhibiting  substances.    If  a  tumor  could 
be  sensitized  to  the  action  of  the  inhibiting  substances 
existing  in  the  plasma    of    the    organism    on    which    it 
grows,  its  development  in  the  same  plasma  would  prob- 
ably be  prevented. 

INFLUENCE    OF   NORMAL   AND   SARCOMATO['S   PLAS^AIAS   ON 

THE   GROWTH   OF  NORMAL  TISSUES   OF  NORMAL 

AND   SARCOMATOUS   ANIMALS 

The  comparative  action  of  normal  and  sarcomatous 
plasmas  was  studied  on  normal  spleen  of  sarcomatous 
animals,  on  normal  spleen  of  normal  adult  animals,  and 
on  spleen,  cornea,  cartilage  and  skin  of  embryo  chicks, 
eight  and  fifteen  days  old. 

The  plasmatic  medium  was  taken  from  normal  adult 
animals  and  from  animals  bearing  small  and  recent 
tumors,  or  old  and  extensive  tumors. 


I'^raninciiis  of  ^plfcii  cxI  ii-pnlcd  IV(im  ;i  iiftniial  aiiiina! 
«ir(>\v  soiiH'tiiiH's  at  (lie  same  rate  in  iioi'iiial  and  sarco- 
iiiatoiis  plasmas.  Iml  it  also  liap])('ii('(l  vci'V  often  that 
i\w\  irrcnv  nioro  <p.ii(ldy  and  more  extensively  in  pnrro- 
niatous  ])lasma. 

Fra<T:nients  of  spleen  extirpated  from  a  sarcomatons 
animal  "frcw  almost  always  innch  more  qnickly  and 
extensively  in  sarcomatons  plasma  than  in  normal 
plasma. 

n  was  also  observed  that  spleen  taken  from  ohick 
emhrvos  urew  very  mneh  bettor  in  sarcomatons  than  in 
normal  plasma.  Embryonic  connective  tissne  also 
showed  a  larizer  development  in  sarcomatons  plasma. 

The  activation  of  growth  produced  by  the  sarcomatous 
plasma  is  atTected  in  a  large  measure  by  the  size  and  the 
age  of  the  tumor  of  the  animal  which  gave  the  plasma. 
Plasma  from  an  animal  with  a  large  and  old  tumor  is 
more  stimulating  for  normal  tissues  than  the  plasma 
from  an  animal  with  a  small  and  recent  tumor. 

What  causes  the  stimulating  action  of  sarcomatous 
plasmas  on  normal  tissues,  and  especially  on  spleen? 

Tt  mav  be    substances    secreted    by    the    tumor    and 
diverted  into    the    blood.      In    some    experiment?    the 
growth  of  normal  tissues  cultivated  together  with  frag- 
ments   of    tumor    in    normal    plasma    was    accelerated. 
The  results  were  not  constant  but  showed  that  sarcoma 
may   stimulate  the   growth   of   a   tissue   under   certain 
ill-determined  conditions.     Therefore  we  attempted  to 
modify  the  action  of   normal  plasma  by   adding  to  it 
a   little   serous  extract  of   sarcoma.      Several   series   of 
experiments    of    this    kind    were    performed.      Normal 
spleen    was    cultivated     in    normal    and    sarcomatous 
plasma.      In    one    of    the    series    a    little    sarcomatous 
extract  was  added  to  normal  and  sarconiatous  plasma. 
In  the  series  where  no  extract  was  added,  spleen  grew 
very  much  better  in  sarcomatous  than  in  normal  plasma. 
On  the   contrary,   in   the   series   in   which    extract  was 
added  spleen  grew  more  quickly  and  more  extensively 
in  normal  plasma.     It  showed  that  normal  plasma  had 
become  stimulating  by  the  mere  addition  of  a  little  sar- 
comatous extract.     Tlie  same  experiments  were  repeated 
with  embryonal  spleen.     Embryonal  spleen  was  exceed- 
inglv  sensitive  to  the  action  of  the  extract.    We  observed 
a  very  marked  and  sometimes  an  enormous  acceleration 
of  the  crowth.    In  one  case,  the  area  covered  in  twenty- 


seven  hours  by  tlie  new  cells  was  almost  forty  times 
larger  than  tlie  area  of  the  primitive  fragment.  In  a 
few  days  the  primitive  fragment  resolved  itself  into 
cells  and  disappeared  almost  completely.  Therefore,  the 
stimulating  influence  for  normal  spleen  acquired  by  the 
sarcomatous  plasma  may  be  due  to  a  substance  produced 
by  the  tumor  and  analogous  possibly  to  the  serous 
extract  of  sarcoma. 

Is  the  stimulating  substance  specific  to  sarcoma,  or  is 
it  contained  in  all  actively  growing  tissues  of  connective 
and  other  types?  We  had  already  observed  that  the 
growth  of  cartilage  can  be  stimulated  by  a  fragment  of 
quickly  growing  spleen,  and  that  a  new  culture  of  spleen 
is  activated  by  the  addition  of  a  little  })iece  of  spleen  in 
full  growth.  Nevertheless,  fragments  of  spleen  cul- 
tivated in  plasma  with  tumor  and  embryonal  extract 
showed  that  tumor  extract  has  a  very  much  more  ener- 
getic stimulating  power  than  embryonal  tissue  extract. 

These  biologic  characteristics  of  sarcoma  have  been 
studied  only  on  the  tumor  of  Dr.  Rous.  It  will  be 
important  to  ascertain  whether  they  a])ply  only  to  this 
sarcoma,  or  if  they  express  a  more  general  law  of  devel- 
opment of  experimental  malignant  tumors. 
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Aii.s  (Irr   11.   modizinisclKii    Kliiiik   in   Miiin-licii  (hiicktor:    I'lol.   Fricdr.  v.   Aliillcr). 

iJber  das  Vorkommen  der  Altmannschen  Granulationen 

in  den  weissen  Blutzellen. 

Voii 

E.  E.  Butterfield '  I,  Albert  Heineke  nml  Erich  Meyer. 

lliorzii  (lie  lithoi^nipli.  Talol  Xr.  VI. 


Tn  den  letzteii  Jahren  liaben  sich  die  inorpliologischen  Untersucliungen  anf 
folgende  zwei  Frageii  konzentrieit: 

1.  Aiif  die  Deutung-  der  myeloiden  Umwandlung  der  liainatopoetischen 
Organe,  und 

2.  auf  die  Bezieliung  der  grossen  Lyraphozyten  („Grosslymphozyten"  Pappen- 
lieim)  zii  den  grossen  ungranulierten  Vorstufen  der  Myelozyten  [grosse  „Lymphoid- 
zellen"  (Michael is  und  Wolff)  „Myeloblasten"  Naegeli,  Schridde].  Diese 
beiden  Fragen  stehen  in  untrennbarem  Zusammenhang  miteinander,  denn  die  Auf- 
fassung  der  nichthamoglobinlialtigen  ungranulierten  grossen  Zellen,  die  im  mye- 
loiden Gewebe  neben  den  Myelozj^ten  gefanden  werden,  wird  bestimmt  durch  die 
Stellung,  die  man  diesen  Zellen  im  Stammbaum  der  Knochenmarkszellen  oder 
Lymphozyten  zuteilt. 

W'w  liaben  in  friilieren  Arbeiten  gezeigt  —  und  diese  Auffassung  ist  all- 
gemein  angenommen  worden  —  dass  die  patliologiscli  anatomischen  Verandernngen 
der  beiden  Leukamieformen  zwar  prinzipiell  verschiedener  Natur  sind,  liaben  es 
aber  mit  gutem  Grund  vermieden,  uns  bindend  liber  die  Mutterzellen  der  beiden 
Zells3^steme  zu  aussern;  denn  die  von  Naegeli  und  Schridde-)  angegebenen 
Argumente  zur  Unterscheidung  der  Lymphoblasten  und  Myeloblasten  erschienen 
uns  keineswegs  beweisend,  wir  selbst  aber  konnten  keine  neuen  Kriterien  zur 
Unterscheidung  beibringen.  Deslialb  schlossen  wir  uns  anfangs  in  der  Nomenklatur 
dem   nichts  priijudizierenden  Ausdruck    „Lymplioidzellen"    an.^)     In    einer    griind- 

^)  Fellow  of  the  Rockefeller  Institute  for  Medical  Eesearch  New  York. 

*)  s.  die  Literatur  bei  Naegeli,  Blutkrankheiten  und  Bliitdiagnostik  1907,  und  bei 
Ehrlich,  Lazarus,  Die  Anamie,  2.  Anil.,  I.  Abteil.,  I.  Tell  besorgt  von  Lazarus 
und  Naegeli  1909. 

■";  Erich  Meyer  und  All)ert  Heineke,  Dber  Blutbildung  bei  schweren  Auauiien 
und  Leukamien.     Deutsch.  Arch.  f.  klin.  Med.,  Bd.  LXXXVIIl. 
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licht'U  Durchai  belt  ling:  unseres  gesaiiiten  damaligeii  Materials, 'j  das  sicli  nut 
18  Falle  von  myeloider  Leukamie  und  Anaraie  mit  mytdoider  Umwandlung  bezog-, 
konnte  dann  der  eine  Tunkt  der  Nat'.gelischen  Myeloblast^nlelire  widerlegt 
werden,  iudem  gezeigt  wurde,  dass  die  Zalil  der  Kernkorpeiclien  bei  den  in  Frage 
kommeuden  Zellen  je  nach  deni  Funktionszustand  wecliselt,  und  dass  daher  nach 
der  Zahl  der  Kernkorperchen  kein  prinzipieller  Unterschied  zwischen  Lyniphozyten 
und  Myeloblasten  erblickt  werden  darf.  Es  soil  gar  niclit  in  Abrede  gestellt 
werden,  dass  im  allgemeinen  die  typischen  kleinen  Lyniphozyten  ein  bis  zwei 
Kernkorperchen  besitzen,  wir  miissen  es  aber  bestreiten,  dass  es  imnier  Zellen  df-r 
myeloideu  Reihe  seien,  die  mehrere  Kernkorperchen  aufweisen;  denn  einerseits 
haben  die  nieisten  ungranulierten  Vorstufen  der  Myelozyten  in  unseren  Fallen  auch 
nur  ein  bis  zwei  Kernkorperchen,  und  andrerseits  konimen  j^erade  den  Zellen  der 
Keimzentren  mehrere  Kernkorperchen  zu.  Es  konnte  weiter  gezeigt  werden,  dass 
es  Falle  gibt,  die  nach  dem  Verhalten  des  Blutbildes  den  akuten  lynii)hatischen 
Leukamien  (Grosslymphozyten)  entsprechen  und  bei  denen  die  Organuntersuchung 
eine  Unterscheidung  von  akuter  myeloider  Leukamie  nicht  zulasst.  Den  Schluss, 
dass  die  Vorstufen  der  Myelozyten  (Myeloblasten)  identisch  seien  mit  den  Vor- 
stufen der  kleinen  Lyraphozyten  haben  wir  absichtlich  nicht  gezogen,  es  ging  viel- 
raehr  aus  diesen  Untersuchungen  nur  hervor,  dass  die  sogenannten  „ Myeloblasten" 
dieser  Falle  mit  grosster  Wahrscheinlichkeit  identisch  seien  mit  den  Zellen,  die 
man  bisher  als  „grosse  Lymphozyten"  (Grosslymphozyten)  bezeichnet  hat.  Der 
Beweis,  dass  dies  wirklich  so  ist,  wird  in  der  folgenden  Arbeit  geliefert  werden; 
denn  es  wird  gezeigt,  dass  auch  beziiglich  der  Altmannschen  Granulationen  keine 
Unterscheidung  moglich  ist. 

Wie  wir  aber  bereits  zweimal  hervorgehoben  haben,-)  soil  damit  gar  nichts 
iiber  die  Mutterzellen    der    kleinen  Lymphozyten,    als    die  man  ja  gewohnlich  die 
Keimzentrumszellen  ansieht,   ausgesagt  sein.     Es  sei  nochmals  darauf  hingewiesen, 
dass  ein  Beweis  fur  die  Identitat  dieser  Zellen  mit  den  grossen  Lymphozyten  der 
Hamatologen    bisher    nicht    erbracht  worden   ist.     Das   bisherige  Endresultat  aller 
unserer  Zelluntersuchungen  in  dieser  Richtung  ist  nur  das  eine:  die  ungranulierten 
grossen  Zellen  der  sogenannten  akuten  Leukamie,  die  man  als  grosse  Lymphozyten 
bezeichnet  hat,    sind  identisch  mit   den  Myeloblasten.     Der  Ausdruck  grosse  Lym- 
phozyten, dem  eine  nicht  bewiesene  Beyieliung  zu  den  echten  kleinen  Lymphozyten 
untrennbar  anhaftet,  sollte  unserer  Meiiuing  nach  fiir  diejeiiigen  Fiille  ausgeschaltet 
werden,  in  denen  nicht  wirkliche  Ubergange  zu  kleinen  Lymphozyten  nachgewiesen 
werden  konnen.     Wenn    im  Verlaufe  chronisch  myeloider  Leukamien    ,. grosse  Lym- 
phozyten"  Oder  „Lymphoidzellen"  in  vermehrter  Menge  auftreten,  so  diirften  diese 
nichts  anderes  bedeuten,    als  die  fast  immer  bei  diesen  Fallen  vorhandenen  „lym- 


^)  Butterfield,  Uber  die  ungranulierten  Vorstufen  der  j\Iyelozyten  und  Bildung  in 
Milz,  Leber  und  Ljmphdriiseu,  ebenda  Bd.  XCII 

2)  Vergl.  Butterfield  1.  c.  und  Erich  Meyer:  Weitere  Untersuchungen  Uber 
extrauterine  Blutbildung.     Miinch.  med.  Wochenschrift  1908,  Nr.  22. 
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jthoidi'ii  Markzellen"  (Tiirk),  da  diese  Zellen  alle  entweder  normale  oder  schlecht 
ditierenzierte  Voi-stufen  der  Myelozytni  siiid  und  somit  ziir  inyeloiden  Zellreihe 
gehoreii.  Die  in  eini^en  voii  Tiirk  bescliriebeneu  Fallen  sub  lineiu  rnorbi  aut- 
g-et'imdenen  grossen  „Lymi)hoidzellen"  koiineii  dalier  ebeiisoweiiig  ein  „Nebeiieiii- 
iiiidei"'  lymphatisc.her  und  myeloider  Wiiclu'rung  anzeigen,  wie  das  makroskopische 
Ausseheu  der  Organe  bei  der  Sektion  oder  das  Verhalten  der  Oi-^anabstriche;  be- 
weiseiid  konnte  liierfiir  lediglicli  die  histologische  Untersuchunf^  der  VVuclierungen, 
d.   li.  die  Lokalisation  der   „rA'niphoidzcllen"   im  Gewebe  seiii. 

Trotz  des  Protestes  von  Tiirk  bleibt  der  von  Fleischniaun ')  gemachte 
Einwand  bestehen,  dass  die  „Lymplioidzellen"  audi  „Myeloblasten"  gewesen  sein 
konnten,  denn  ansehen  kann,  unserer  Meinung  nach,  diesen  Zellen  Niemand,  ob  sie 
iiustande  gewesen  wiiren,  sicli  zu  ecliten  (kleinen)  Lymphozyten  oder  Myelozyten 
zu  entwickeln.  Der  Beweis,  dass  Zellen  vom  Charakter  der  „grossen  Lympho- 
zyten'' zu  Myelozyten  warden  konnen,  ist  erbracht,  der  Beweis,  dass  sie  identisch 
sind  mit  den  Vorstufen  der  Lymphozyten,  erscheiut  uns  noch  ausstandig,  soUte  er 
geliefert  werden  konnen,  so  ware  die  hier  diskutierte  Zellform  (der  grosse  Myelo- 
blast, die  grosse  Lymphoidzelle,  der  Grossly mphozyt),  wie  Pappenheim  es  an- 
nimmt,  die  Stammzelle  aller  Leukozyten,  und  es  soUte  ihr  dann  auch  in  der 
klinischen  Hamatologie  dieser  Name  gegeben  werden. 


Teclinische  Bemerkungen. 

(Unter  Mitarbeit  von  W.  H.  Merriam.) 

Vor  einiger  Zeit  hat  Schridde  die  Behauptung  aufgestellt,  dass  in  den 
Lymphozyten  fuchsinophile  Gebilde,  die  er  mit  den  Altmannschen  Granulationen 
identifizierte,  vorkommen,  dass  diese  aber  in  den  ungranulierten  Knochenmarkszellen 
nicht  nachweisbar  seien.  Bei  der  prinzipiellen  Bedeutuug,  die  dieser  Beobachtung 
zugeschrieben  wurde,  ist  es  begreiflich,  dass  zahlreiche  Untersucher  sich  bestrebten, 
die  behaupteten  Tatsachen  nachzupriifen,  weniger  verstandlich  aber,  dass  weder 
Schridde  selbst  noch  einer  der  Nachuutersucher  Gelegenheit  genommen  hat,  Ori- 
ginalpraparate  einem  sachkundigen  und  interessierten  Publikum  zu  demonstrieren. 
Man  war  bisher  auf  die  schematisierten  Abbildungen  von  Schridde  angewiesen.-) 
Der  Grund  liierfiir  konnte  zum  Teil  darin  zu  suchen  sein,  dass  es  nicht  leicht 
gelingt,  rait  der  von  Schridde  angegebenen  Modifikation  der  Altmannschen 
Methode    demonstrable   Praparate    zu    bekommen.      Einzig    und    allein    Mora  wit  z 


V)  Vergl.  hierzii  den  Vortrao;  von  Tiirk  iiber  „Beziehungen  zwisehen  myeloidem  und 
lymphoideni  Geuebc",  gehalten  iiiif  deni  Xongress  liir  innere  Mediziu  in  Miinchen,  sowie 
die  dazu  gthorigen  Diskussionsbemerkungen. 

-)  Siehe  hierzu  die  vollkommen  l)ere('htiiiten  Beraerkungen  von  Pappenheim,  Fol. 
haemat.,  Bd.  \[l. 
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luid  Rehn^)  bestatigten  die  Aiigabeii  Schriddes,  iiidem  sie  sclneibeii:  „E8  ge- 
lingt  leicht  in  Abstrichen  iind  Schnitten  von  Lympliknoteu  uiid  Miiz  die  Grauu- 
lationen  der  Lyinphozyten  iind  Lyniphobiasten  darzustellen.  Sie  tinden  sich  meist 
in  geringfer  Zahl  um  den  Kern  gelageit,  sind  zi»^mlich  fein  und  jedenfalls  mit  den 
groben,  pseiuioeosinophilen  Granulationen  der  Myelozyten,  die  nach  Altniann- 
Schridde  natiirlich  audi  dargestellt  werden,  gar  niclit  zu  verwechseln.  In  den 
lymphoiden  Zellen  des  Knochenniarkes  fehlen  diese  Granula  vollstandig;  es  sind 
ini  Knochenraark  mit  dieser  Methode  nur  Granula  darstellbar,  die  man  auch  aiif 
andere  Weise,  z.  B.  durch  Giemsatarbung,  siclitbar  machen  kann." 

Wenn  die  von  Schridde  eingeschlagene  Moditikation  der  Altmannschen 
Methode  eine  brauchbare  histologisclie  Metliode  ware,  dann  mtisste  sie  jedem  gut 
geschulten  Histologen  an  geeignetem  Material  geliugen,  und  wenn  die  von  Schridde 
ill  den  Lymphozyten  gefundenen  fuchsinophilen  Gebilde  mit  den  Altmannschen 
Granulis  identisch  sind,  dann  miissen  sie  sich  mit  denjenigen  Methoden,  mit  denen 
die  wichtigsten  Arbeiten  iiber  die  Altmannschen  Granula  gemacht  worden  sind, 
auch  darstellen  lassen.  Da  wir  seit  mehreren  Jahren  sehr  schlechte  Erfahrungen 
mit  der  Schriddeschen  Modifikation  der  Altmannschen  Methode  gemacht  haben, 
sind  wir  zu  den  urspriinglichen  Methoden  zur  Darstellung  der  Altmannschen 
Granula  zuriickgekehrt.  Wir  haben  von  dem  Vorschlag  Marchands,^)  die  feuchte 
Fixationsmethode  anzuwenden,  in  ausgiebiger  Weise  Gebrauch  gemacht  und  damit 
sehr  gute  Resultate  erzielt.  So  haben  wir  gleichzeitig  die  Schriddesche  Methodik 
sowie  die  gebrauchlichsten  anderen  histologischen  Methoden  zur  Fixation  und 
Farbung  der  Zellstruktur  angewaudt.  Es  sind  also  noch  feuchte  Ausstriche  von 
normalem  und  pathologischem  Blut  sowie  frische  Organabstriche  in  ChromOsmium- 
gemischen  (Altmann,  Flemming,  Schridde),  in  Sublimat  (gesattigte  Losuug, 
Sublimat-Eisessig,  Zenker)  mit  und  ohne  Nachbehandlung  von  Osmiumtetroxyd,  in 
Osmiumtetroxyd  allein  sowie  lufttrockene  Praparate  in  Methj'lalkohol  und  auf  der 
erhitzten  Kupferplatte  fixiert  und  nach  Altmann  und  Altmann -Schridde  mit 
Saurefuchsin  und  Pikrinsaure  und  nach  Heidenhain  mit  Eisenhamatoxylin  gefarbt 
worden.  Auf  diese  Weise  glauben  wir  am  sichersten  einen  Vergleich  der  Leistungs- 
fahigkeit  der  verschiedenen  Methoden  erhalten  zu  haben.  Wir  geben  die  Resul- 
tate ira  folgenden  wieder. 

I.  0 s m i iiiii - C h r 0 111 g e mi s c h e . 

a)  Flemmingscbe   Losuug.      Die    uoch    feuchten    Ausstriche    werdeu    mit   der    be-   J 
schickten  Seite    nach    unteu    in    die  Flemmingscbe  Fliissigkeit    geworfen.     Fixiert   wird   " 
3  —  6  Stundcn.     Die  Ausstriche  werden  dann  einzeln  herausgenommen,    mit  Brunnenwasser 
griindlich    abjjcespiilt    und  6—12  Stuudeu    iu    destilliertes  Wasser  gebracht  (das  destillierte 
Wasser  wird  hiiufig  erneuert).     Vor  der  Farbung  wird  der  Ausstrich  nochmals    mit    destil- 
liertem  Wasser   abgespiilt   und    durch    eiufaches  Abtliessenlassen    vou  dem    iiberschiissigen    J 
Wasser  befreit.  * 


^)   tJber   einige   Wechselbeziehungen    der   Gewebe    in    den   blutbildeudeu    Organeu. 
Deutsches  Archiv  f.  klin.  Med.,  Bd.  XCII.  S.  121. 
-)  3Iiiuchner  med.  Woch.  1908,  S.  423. 
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Fiirbuiig  1  nacli  Al  tiiian  ii. 

1.  Dv.r  Ausstricli  wird  iiiit.  einor  tlickon  Sc.liicht  voii  Anilinwasser-Fiiolisiii  S  (20  <^ 
Fiiuhsiii  S  ill  100  ccin  Auiliii\vass(M')  biidockt  uiul  crliiUt,  bis  Diioiple  aiil'stei(^eu,  Letztereg 
kann  mit  Vortuil  ciniffo  Male  wicdcrliolt  wordcii.  Kait  werdtMi  lasseii;  dio  iiberschUssige 
Farblosiiiii;-  abtlicssen  lasscii;  litjtnM'iiiii!:  dor  Riiiidcr  dtis  IViiparatcs  voii  etwa  oinf2;etrockii(iter 
Farbliisiiiiu"  durcli  AbluijIiiiiL;-  mil,  Micsspiipicr. 

2.  Abspiiliuii;-  in  d(!r  Al  tiiiaii  iischeii  l*ikriiil(Jsiui<^  (I  Tell  (rosattigte  alkolioliaclic 
rikriiisiiurclosuiifi;  /-ii  2  Tcilcii  dcstillicrtcs  Wasscr). 

;i.  Eiiilogen  40  bis  60  Sekundou  in  die  gloiche  I'ikriiisaureiosuii^  boi  50 — GO** 
(Parafrtiiol'en). 

•L  Sc'bnelli!  EntwiisscuMini!:  in  absolutcm  Alkohol. 

5.  Xylol,  Fiiiileji:i'n  von  Xylol  ohtic  Abzutrooknen  in  Caiiadabalsain. 

Die  Bilder  siiid  von  iiberr-ischcnder  Schonhoit.  Die  roten  Blulkorper- 
c'lien  sind  iifclbbraun,  das  Chromatin  and  dio  Kc  rnkorpcrchen  fuchsinrot,  das 
Prot()i)hisnia  dor  woisson  Jilutzellen  tic  I'  gclb,  und  dio  oingolai^orte  ii  neu- 
tropliilon  and  die  Altniannschen  Graiiula  leuohtend  rot,  dio  eosinopliilen 
scliwarzrot  i>:ol'iirbt. 

Filrbiiiig  2  nacli  Altraann-Schridde. 
Dio  ]\roditikation  von  Schriddc  weiclit  nur  dadurch  von  der  ursprlinu^lichen  Alt- 
mannscbon  Vorsciirit't  ab,  dass  eino  Pikrinslturelosung  von  etwas  andorer  Konzentration 
(1  Toil  fresiittii^te  alkobolischc  Pikrinsaurelosimg  auf  7  'J'eile  20  Proz.  Alkohol)  als  Differon- 
zieruugstliissig-keit  ohnc  Erw^iirmang  vorwondet  wird.  Bei  dicser  Art  dor  Difforouzieruno; 
werden  die  Praparate  nicht  so  scharf  difforonziert  wie  bei  Altmann,  Die  roten  Blut- 
korperchen  bleiben  mehr  rot,  die  Kernstruktur  der  weissen  Zellen  wird  nicht  so  scharf 
dargestellt,  inid  die  Praparate  bloiben  an  Schonheit  wesontlich  hinter  den  Altmannschen 
zuriick.     Die  Grranulafarbung  ist  gleich  wie  bei  Altmann. 

Filrbung-  3  nach  Heidenhain. 

1.  Beiznng  7.,  Stnnde  in  1,5  Proz.  Eisenammoniumalaun-Ldsung.  Abspiilen  mit 
destilliertem  Wasser. 

2.  Fiirbung  2  Stunden  oder  langer  in  0,5  Proz.  wasserige  Losung  von  Hamatoxylin. 
Abspiilen  in  Brunncnwasser. 

3.  Differeuzierung  in  der  gleichen  Losung  von  Eiscnamnioniumalaun  wie  bei  1,  bis 
die  roten  Blutkorperchen  nicht  mehr  gelarbt  erscheinen.  Abspiilen  in  Brunncnwasser. 
(Die  Dauer  der  Differenzierung  muss  ausprobiert  w^erden;  sie  kann  nicht  in  Minuten  ange- 
geben  werden,  da  sie  von  der  Farbekraft  der  Hamatoxylinlbsung  abhangt.  Bei  einiger 
tJbung  gelingt  es,  allerdings  unter  hiiufiger  Kontrolie  mittels  des  Mikroskopes,  Praparate 
zu  bekommen,  in  denen  die  roten  Blutkorperchen  vollkommen  entfarbt  sind,  die  Kerne  der 
weissen  Zellen  sehr  scharf  blau-schwarz  und  das  Protoplasma  farblos  oder  sehr  schwach 
grau  tingiert  ist,  wiihrend  die  Granula  in  tief  schwarzem  Ton  erscheinen.) 

4.  Entwasserung  in  absolutem  Alkohol. 

5.  Xylol,  Einlegen  aus  Xylol  ohne  Abzutrocknen  in  Canadabalsam. 

Die  Kernstruktur  und  die  Alt m a nnschen  Granula  werden  sehr  deutlich  dargestellt; 
die  Bluttplattchen  werden  auch  tief  blauschwarz  gefiirbt. 

b)  Die  Schriddesche  Methode.^)  Die  Ausstricheu  kommen  sofort  nach  dem  Aus- 
streichen  in 

1.  Formol-Muller  (1 : 9)  12  Stunden. 

2.  Miillersche  Fliissigkeit  allein  12  Stunden. 

3.  Abspiilen  mit  gewohnlichem  dann  mit  destilliertem  Wasser. 

4.  Osmiumtetroxyd  1  Proz.  Losung  30 — fiO  Minuten.  2) 

5.  Kurzes  Abspiilen  mit  destilliertem  Wasser. 

6.  Flirben  in  Altmannscher  Anilinwasser-Fuchsin  S  Losung.  Die  Praparate  werden 
mit  einer  hohen  Schicht  der  Farblosung  beschickt  und  5 — 6  mal  iiber  die  Spiritustlammo 
erwarmt  bis  jedesmal  Dampfe  abgogeben  werden;  erkalten  lasseu. 


1)  Munchener  med.  Woch.  1905,  S.  1233. 

-)  Hier  sei  es  orlaubt  auf  einen  storenden  Druckfehler  in  dem  Lehrbuch  von  Xae- 
geli,  „Blutkrankheitcn  und  J31utdiagnostik"' ,  aufmerksam  zu  macheu.  Naegeli  hat  die 
Vorschrift  von  Sehr  id  do  unrichtig  wiedergegeben,  da  er  schreibt.  dass  dio  Priiparate  bloss 
30 — 60  Sekunden  in  Osmiumlosuny;  tixiert  werden  solleu. 
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7.  Kauder  cleti  Puijjarateb  abwifccluii  uud  dauii  ditttreiiziereii  iu  I'lkriufciiurt-loBuug 
(1  Teil  gesiitti^te  ttlkoliolihthe  Pikriubaurtlohuiit;:,  7  Telle  20  I'loz.  AlkoLolj  Wm  das  Prii- 
parat  eiueii  gel blic lieu  oder  hell'^elblicheii  Tuu  aiiiiimiut.  IScliuell  in  abfcolutem  Alkobol 
abfipUleu,  Xylol,  Balbaui. 

Die  Aletiiode  hat  verbcliiedene  tbelbtiiude:  1.  bei  dem  FixatiouKverlabreu  lost  fcich 
die  BlutHcbicht  leiebt  von  deui  Deekglas  bzw.  (Jbjekttrager  ab,  2.  bildeu  bich  bebr  leicht 
btoreude  Niederschlage  iufolge  Anweuduug  der  Mlillerbeheu  Fliiishigkeit,  3.  wild  die  Orieu- 
tieruiig  dureh  die  dimkelrote  Fiiibiiiig  der  roteu  Blutkorperehen  erscbwert.  Wir  liabeu 
nie  uiederhc'hlagsfreie  Pniparate  bekuuimeu  koniieu,  obwubl  wir  iiioglicbste  Sorgialt  iu  die 
Zubereituug  der  MUllerseheii  FlU&.sigkeit  legteu.  Wir  habeii  \\iederli(dt  tribche  I'ortioueu 
der  MUllerscheu  mit  deu  Kablbauuischeu  Cheinikalieu  verweiidet,  die  Lobungeu  filtriert 
und  bei  der  Fixation  wiederbolt  erneuert.  E«  bleibt  aber  imnier  eiu  teiner  Niederscblag 
Uber  das  i;anze  Praparat  veistreut,  der  im  uugelarbten  Piapaiat  Bcbwacb  brauu  und  iin 
getarbteu  rotbraun  bis  gelb  erscbeiut.  Dadureb  wird  die  Deutung  der  PrUparate  bebr  er- 
bcbwert;  die  Lympbozyteugranula  werdeu  freilicb  dargestellt;  aber  ernt,  nacbdem  wir 
saubere  uud  klare  Bilder  nut  der  Flemuiiugbcbeu  Fixation  uudAltuiauu-  bzw.  lieideu- 
baiuscbeu  Farbuugbuietbode  gesebeu  baben,  waren  iuibtaude,  die  Praparate  zu  deuten. 

Die  neue  abgekiirzte  Metbode,  wie  sie  in  dem  eben  erscbienenen  Bucb  von  Ebr- 
licb,  Lazarus  uud  Naegeli,  „Die  Auiiuiie",  S.  70,  angegeben  wird,  bat  uus  ebenfalls 
keiue  besseren  Kesultate  geliet'ert. 

Storende  Niederscbliige  erbalt  njan  iuinier,  wenu  u.au  M iillerscbe  Fliissigkeit  au- 
wendet;  daber-  aucb,  wenu  man  die  uacb  Scbridde  bxierten  Priiparate  uacb  Altmanu 
Oder  Heideubaiu  weiter  bebandelt. 

c)  Altniannscbe  Fixationstiiissigkeit.  (Gleicbe  Telle  von  5  Proz.  Kaliuuibicbromat 
imd  2  Proz.  Osmiiinitetroxyd.)  IHe  Blutscbicbt  lost  sicb  sebr  bald  vom  Deckglas  ab; 
Farbuuii"  von  Auss^tricbeu  naeb  Altuianulixatiou  ist  desbalb  nicbt  ausfubrbar. 


'& 


II.  Snblimatfixatiou  mit  Osmiumnacbbebaudlung. 

a)  (iesiittigte  Losuug  von  HgCl._>.  Es  wurde  10  Miuuteu,  ^2  Stunde,  1  Stunde 
und  2  Stunden  in  Sublimat  tixiert,  griiudlic-b  gewascben,  ^/.j — 1  Stuude  mit  1  Proz.  Osmiuui- 
tetroxyd  uacbbebaudelt  und  scbliesslicb  uiebrere  Stunden  in  Wasser  gewascben. 

Die  Farbung  nacb  Altmann,  Altmaun-Scbridde  uud  Ileidenbain  gibt  beziig- 
licb  der  Altmann scben  Granulationeu  positive  Bilder,  weun  aucb  Aveniger  scbciu  wie  bei 
la,  Farbungeu  1,  2  und  3. 

b)  Sublimat eisessig.  Es  wurde  geuau  wie  mit  der  gesUttigten  Sublimatlbsung 
verfabren.     Besultat  in  alien  Einzelbeiten  das  gleicbe. 

c)  Zenkerscbe  Flussigkeit  (mit  Zusatz  von  Eisessig).  Hier  wurde  wiederum  lOMi- 
nuten,  ^2  Stuude,  1  Stunde,  2  und  6  Stuudeu  fixiert.  Nacbbebandluug  mit  Osmiumtetroxyd 
1  Stunde,  grundlicbes  Auswascben.  Farbung  uacb  Altmanu,  Altmann-Scbridde  uud 
Heidenbain.  Die  Praparate  sind  viel  instruktiver  als  bei  alleiuiger  Sublimatlixatiou. 
Kacb  der  Fixation  mit  Zenkerscber  Losung  stellen  sicb  bei  Fiirbung  nacb  Altmaun 
und  Altmann-Scbridde  die  Lympbozyteugranula  in  ihrer  Form  etwas  anders  dar,  als 
bei  der  Fixation  nacb  Flemming  oder  Scbridde.  Sie  babeu  eine  mebr  liinglicb  ovale 
Form.  Sie  lassen  sicb  zwar  aucb  mit  Eisenbamatoxylin  darstellen,  das  Resultat  ist  aber 
ein  viel  weniger  klares. 

lla.  Sublimatfixation  obne  Osmium. 

Es  wurde  wie  bei  II  a,  b  und  c  mit  Weglassen  der  Naclibebandlung  mit  Osmium- 
tetroxyd verfabren.  Geliirbt  wurde  uacb  Altmanu,  Altmann-Scbridde  und  nacb 
Heidenbain.  In  keinem  Fall  gelang  es  in  den  Lympbozyten  Grauula  aut'zufinden;  das 
Protoplasma  erscbeint  dagegen  vollig  bomogen.  Das  Vorbandeusein  von  Osmium- 
tetroxyd bei  dem  Fixationsprozess  scbeint  desbalb  unbediugt  erforderlich 
zn  sein. 

III.  Osmiumtetroxyd  allein. 

Fixation  in  1  Proz.  Losung  von  Osmiumtetroxyd  2  Stunden,  griiudlicbes  Auswascbeu, 
Farbung  uacb  Altmanu.  Durcb  diese  bbebst  eiul'acbe  Metbodik  werdeu  die  Lympbo- 
zyteugranula sebr  scbarf  dargestellt.  Die  Metbode  ist  aber  nicbt  besouders  zu  em- 
pfeblen,  da  die  Kernstruktur  lange  nicbt  so  scbbn  dargestellt  wird  Avie  bei  der  Fixation 
nacb  Flemmiug. 
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1\'.   M  fl  li  V  lal  koliol   u  ml   II  i  t /,i' I  i  xa  t  ion  (l<)r  1  u  t  U  roc  k  c  iic  ii   riiiparate. 

I)iiiili  Fiirl)nni»:  iiacli  Altiiiaiiii,  A  1 1  maiiii-Scli  ridd  c  mid  II  (jidenliai  ii  vrerdeu 
Ut'iiir  (iraiiulatioiiun   in   don    Lyinplioz^v  ten   nachwcisbar  ^^cnuiclit. 

Alls  (iiesoii  vorgU'icheiHl-techiiisclien  Untersucliungen  erf^ibt  sich,  dass  die 
sicherste  Metliode  /ur  DarstelluiiM'  <ier  Altniannschen  Granula  in  Hliitzellen  die 
feuchte  Fixation  in  bMcnmi  in^scluT  T^iisung  nnd  die  Filrhunf^  nach  Altinann  ist; 
duch  konnen  die  (Jranula  nach  jeder  Methode,  die  Osmiumtetroxyd  <'ntlialr,  dar- 
gcstellt  werden.  Unser  Verfahreii  (s.  la  und  Filrbiin^  Ij  ist  ausseiordentlich  viel 
eintaclier  als  die  Moditikation  von  Schridde,  das  Resnltat  ein  bedeutend  sicheres, 
nnd  die  Benrteilunj;-  der   Praparate  eine  leichtere. 

Naclidem  wir  in  der  Darstellung  der  Lympliozyton^'^ranula  die  notwendige 
Sicherheit  eilangt  batten,  kounteu  wir  ims  an  die  Aufgabe  beranwagen,  zu  unter- 
sucben,  welcbe  Zellen  der  beiden  Leukozytenreiben  die  genannten  Granula  auf- 
Aveisen.  In  der  normalen  Histologie  und  bei  typiscben  Fallen  von  Leukilmie  wSren 
Unterscbiede,  die  eine  Trennung  der  Lympbozyten  und  Markzellen  von  einander 
gestatten,  von  nicbt  so  prinzipieller  Bedeutung.  Wobl  aber  fiir  Fiille  von  akut 
verlaufender  Leukamie  niit  vielen  grossen  ungranulierten  Zellen  im  Blut.  Hier 
Avare  es  sebr  erwiinsebt,  v^'enn  man  von  einer  einzelnen  Zelle  bestimnit  sagen 
konnte,  „diese  stammt  aus  lympbatiscbem  Gewebe",  oder  „diese  Zelle  ist  eine  un- 
granulierte  Vorstufe  der  Myelozyten".  Wir  baben  nun  bereits  in  einer  friiheren 
Arbeit  gerade  an  solcben  Fallen  mit  einem  Uberwiegen  von  grossen  ungranulierten 
Zellen  bis  zu  90  Proz.  im  Blut,  die  Kriterien  von  Naegeli  und  Scbridde  auf 
die  Probe  gestellt  und  gefundeu,  dass  bei  Fallen  von  myeloider  Leukamie 
(mit  Sektion)  fast  alle  die  von  Scbridde  und  Naegeli  als  cbarakteris- 
tiscb  fiir  die  „Lympboblasten"  beansprucbten  morpbologischen  Eigen- 
scbaften  den  ungranulierten  V^orstufen  der  Myelozyten  aucb  zukommen. 
Das  einzige  was  uns  friiber  feblte,  war  der  Nacbweis  der  perinuklearen,  fucbsino- 
pbilen  Gebilde  in  den  bei  gewobnlicben  Farbungen  ungranulierten  myeloiden  Zellen. 
Ibr  Nacbweis  war  uns  wegen  der  Scbwierigkeit  der  Metbode  wiederbolt  miss- 
gliickt;  es  gelang  uns  nicbt  einmal  in  den  Lympbozyten  immer  klare  und  iiber- 
zeugende  Bilder  zu  bekommen. 

In  einem  neuen  Fall  baben  wir  mit  den  in  den  vorangebenden  Zeilen  be- 
scbriebenen  Metboden  systematiscb  intra  vitam  und  post  mortem  untersucbt,  und 
nun  aucb  den  nocb  feblenden  Nacbweis  in  den  „Myeloblasten"  geliefert.  Der  Fall 
war  folgender: 

55jabrige  Frau,  bocbgradig  anamiscb,  Veueupulsatioii  am  Halse,  svstoHscbe  Ge- 
rauscbe  am  Hcrzeu,  Sternum  auf  Beklopfen  dnickenipfindlich,  Leber  vergrossert,  palpabel, 
unterer  Rand  tingerbreit  liber  den  Nabel;  Milz  18  cm,  bart,  palpabel;  leicbtes  Odem  am 
Kreuz  und  an  den  Fiissen.  Die  Kranke  war  8  Tage  lang  in  kliniscber  Beobacbtung, 
batte  in  den  3  ersten  Tagen  Temperaturen  zwisebeu  39  und  40,  in  den  folgenden  Tagen 
zwischen  38  und  39*^.  Der  Puis  bewegte  sicb  zwiscben  100  und  125,  die  Respiration 
zwischen  30  und  40.  Zweinial  angelegte  Blutkulturen  blieben  steril.  AVassermannscbe 
Reaktion  ncgativ.     Keine  Blutungen  im  Augenbintergruud. 

Keine  Vernicbrung  von  Haniatoporpliyrin  und  Urobilin  iin  Ham.  Hobe  Harnaziditat, 
viel  freie  Harnsaure.     Unter  allgemeiner  ^cbwiicbe  und  beltigen  Delirien  Exitus. 
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Blutbefuud:  Erythrozyten  1300  000  im  Kubikuiillimeter,  Haiuoglobiu  (20  Proz.) 
(Sahli),  weisse  Blutkorpen-heu  27,(X)0  im  Kubikniilliiiieter,  Die  Aii8zaiilung  des  Jenuer- 
May  Priiparutcs  ergab: 

4t),y  Proz.  pulyiuorphkeruig;e  Neutrophile, 

iy,l  einkeruige  Neutrophile, 

26,2  Proz,  y^rosse  eiiikurui^e  ungrauulierte  Zellen, 

5,1  Proz.  kleiue  Lymphozyten, 

1,4  Proz.  Eosiuopiiile, 

1,3  Proz.  Mastzelleu. 

Auf  610  wt'isse  Blutzelleu  3  Normoblasten.  Das  Blutbild  war  beherrscht  von  iiiye- 
loiden  Zelleu,  vou  deiien  die  un^ranulierten  alle  Kriterieu  der  Vorstuten  und  alle  Uber- 
gilnge  zu  den  neutropliilea  Myelozyten  aufvviesen.  Auf  ihre  genaue  Beschreibung  konuen 
wir  bier  verzichteu,  da  sie  sicli  iu  all«.'U  Eigt;usfliafteii  luit  deu  iu  der  Arbeit  Uber  die  un- 
grauulierteu  Vorstuten  der  Myelozyteu  aul:  Tatel  Vll  uud  Vlll  abi^^'bildcteu  Zellen  voll- 
standig  deckteu.  Nebeubei  sei  bemerkt,  dass  viele  dieser  sicliereu  Myeloblaaten  bei  alien 
Farbuugsmethoden  mir  eiu  Kernkorperchen  aufweisen. 

Die  Sektion  ergab  deuBefund  einer  myeloiden  Leukainie  mit  leicht  hyperplastischem 
Knocheuiark  uiid  bedeutendem  Milztumor,  oliue  Lyinphdriiseuvergriisseruug. 

Die  histologische  Uutersuchuug  ergab  inyeloide  Uinwaudluug  der  Milz,  leukamische 
Hyperplasie  des  Kuochenmarks  mit  sehr  zahlreiehen  grosseu  ungranulierten  Zellen,  Ton 
denen  alle  Ubergange  zu  deu  Myelozyten  vorbauden  waren. 

Das  Resultat  der  Uutersucbung  auf  Altmannscbe  Granulationen  wird  ohiie 
viel  Worte  am  einfacbsten  durcb  unsere  Abbildimgen  illustriert. 

Um  unsere  Scblussfolgerungeu  nicbt  allein  auf  patbologiscbes  Material  stiitzen 
zu  miissen,  baben  wir  normales  Blut,  Blut  von  Lympbiimien  und  normales  Knocben- 
mark  nacb  den  gleicben  Metboden  gefarbt  und  in  unseren  Abbildungen  wieder- 
gegeben. 

Durch  die  Untersuchuii^'  ist  der  Beweis  erbracht,  dass  audi  die  iiii- 
gTanulierteii  Vorstufen  der  Myelozyten  (31yeloblasteii)  perinukleiire,  fiich- 
siiiophile  Gebilde  (Altmauiische  (Tranulatioiien)  enthalteii,  die  nicht  von 
denen  der  Lymphozyten  zu  unterscheiden  sind. 


Zusatz  bei  der  Korrektur: 
Nacb  Abscbluss  dieser  Mitteilung  konnten  wir  zwei  Falle  beobacbten,  bei 
denen  das  Blutbild  der  typiscben  cbroniscben  myeloiden  Leukamie  sicb  wabrend 
der  Beobacbtung  derart  umwandelte,  dass  in  dem  einen  Fall  50  Prozent,  in  dem 
anderen  90  Prozent  der  grossen  ungranulierten  Zellen  (sogenannte  grosse  Lympbo- 
zj'^ten)  vorbanden  waren.  Aucb  bier  wurden  in  den  grossen  fraglicben  Zellen,  die 
sicb  bei  alien  anderon  Farbungen  als  ungranuliert  erwiesen,  die  Altmannscben 
Granula  perinukleiir  sowobl  im  Blut,  wie  in  den  myeloid  umgewandelten  Organen 
nacbgewiesen. 
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KrklUruim  dvv  Abbii(luiii;eii. 

Zur  llliistnitioii  di-s  (  k  sai;icn  ^rbeii  wir  ciiii};*;  iiiiij^lichst  natuii^ctreue  voii  Herni 
KimstiiKiltT  Dirr  luisji^czoiclim't   rcprodiizicrtc  /(;lI;ihltil(liiiiL;('M  wiedcr: 

l>ie  mit  iinibisclnii  /;ililti\   1  -U  Ijozcichiictcii  /rllcn  siiid  sichere  J^yinphozyten. 
1    iind  2  iius  iu)nii;ik'in  Hint, 
3  bis  fi  von  Fillleii  mit  Lyiiiphozytosc, 
7  l)is  y  aus  lyini)liatisclier  Jjeukiiiiiic. 

hie  mit  riimisclii'ii  Zaiilon  bezciclineton  ZcUcii  htaimntcn  alle  aus  deiii  bescliriebeneu 
Fall  ai< liter  myeloider  Loukilmiu. 

1,  II  imd  III  siiid  /('licii.  din  im  Eosiu-mctbylciiblaii  iiud.im  (iiemsa-Prilijarat 
intensiv  basopbilos,  sciiolliiics  Protojjlasma  liiiiillg  mit  /abircicbcu  Vakuoleii  besit/eu,  mid 
denen  mit  don  irewiiiiiilicbcn  Hliitl'iirbini<>:sniotliod(m  (audi  mit  Tria/id)  alle  Granulationen 
fehlen.     \'on  ihuon  sind  alb;  Cbor^iiny:c  zu  don  .Myclozyten  vorbandoii. 

1\  ,  \',  \1  und  VII  sind  ZoIIon  dossolbon  Fallos  mit  porinukleiiren  fucbsinophilen 
Grauulatiouon,  die  lioclist  wahrschoinlicli  das  Bindungsglied  dor  Zellon  I  bis  III  zu  den 
eehtoii  .AlyolozytcMi  darstollon. 

Die  Zelle  VI II  wiirde  wohl  dor  Kornstruktur  und  dem  allf^cmcinen  Typus  nacli  als 
Lymphozyt  golton  kiinnon;  sic  domonstricrt  am  deutlichston  wie  schwer  es  ist,  einer  der- 
artigcn  Zelle  selbst  bei  Anwcnduni;'  aller  zur  Veriugung  stehenden  Methoden,  eine  be- 
stimmte  Zni::eborii2:kcit  zu  dem  eincn  odor  anderon  Zellsystem  zuzuschreiben.  (Leider  ist 
dies  in  dor  Reprodiiktion  nicbt  recbt  zu  orkonnen.) 

Die  Fiirbung  samtlicher  Zellen  mit  Ausnahme  von  2,  6,  8  und  9  ist  die  oben  ange- 
gebene  Altmannscbe  nacii  Fixation  mit  Flcmmingscher  Losung. 

2,  6,  8  und  9  sind  audi  in  Flemmingsclier  Losung  fixiert  und  nacli  Heiden- 
hain  mit  Eisenbiimatoxylin  gefarbt. 

Die  Zelle  II  zeigt,  dass  die  in  Eosin-Methylonblau-Priiparat  gesdienen  Protoplasma- 
vakuoleu  eine  fettartige,  mit  Osmiumtetroxyd  sidi  scliwlirzende  Substanz  entbalten. 


Verantwortlich  fiir  die  Schriftleitung:  Dr.  A.  Pappenheiin,  Berliii-Charlottenburg. 
Verlag  von  Dr    Werner  Klinkliardt,  Leipzig.     Druck  von  Julius   Klinkhardt,  Leipzig;. 
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y<tr1nlruch  verboten. 
[Aus  dem  Konigl.  Institut  fiir  experimeutelle  Therapie  zu  Frank- 
furt a.  M.   (Diroktor:   Gch.  Obermed.-Rat  IV>f.  Dr.  P.  Elirlich  .| 

Ucber  eiiicn  ars<'iifeston  Baktcrieiistamin. 

Von  Dr.  Lewis  H.  Marks  ^j, 

Assisteiiteii  am   Iiislitiil. 

(Eingegan<r(Mi  bd  dcr  Kcdaktion  am  25.  April  1910.) 

Die  j;riin(llegen(len  Arbeiten  E  h  r  1  i  c  h  s ,  vvelche  die  Festig- 
keit  der  Trypanosoineiistainme  gegciiiiber  verscliiedenen  Chemi- 
kalieii  ini  Tierk()ri)er  l)ehandelii,  haben  neues  Interesse  auf 
diesein  biologiscli  so  wichtigen  Gebiete  geweckt  und  haben  die 
Anreguiig  zu  folgenden  Studien  gegeben. 

Wiihrend  der  letzten  3  Jahre  haben  wir  in  dieser  Richtung 
niit  Bakterien  und  Hefe  im  Reagenzglas  gearbeitet  und  haben 
versucht,  die  Verilnderungen  nicht  allein  der  Chemozeptoren, 
sondern  auch  die  Eigentiimlichkeiten  dieser  Bakterien  inri  Ver- 
laufe   der  Ge^vohnung   an    gewisse  Chemikalien    zu  studieren. 

Wir  wolleu  in  dieser  vorliiufigen  Mitteilung  eine  kurze 
Uebersicht  iiber  unsere  Resultate  geben,  die  wir  mit  einem 
gewissen  Bakterienstamm  —  einem  Paratyphusstamm  aus  der 
Hog-Choleragruppe  — ,  der  einer  liingeren  Einwirkung  von 
arseniger  Saure  ausgesetzt  war,  erzielt  haben.  Anpassung 
von  Bakterien  an  Arsenpraparate  ist  bekanntlich  schon  friiher 
(Danysz,  Ruppel  u.  a.)  beschrieben  worden. 

Die  von  uns  benutzte  Kultur  stammt  von  einem  Fall  von 
Fiscbvergiftung  und  war  schon  lange  Zeit  im  hiesigen  Labo- 
ratorium  fortgeziichtet.  Als  Nahrboden  kam  aus  technischen 
Griinden  nur  Agar  zur  Verwendung. 

Wir  haben  zuerst  versucht,  zu  ermitteln,  ob  die  arsenige 
Saure  die  gleiche  Wirkung  auf  alle  einzelnen  Individuen  der 
Kultur  ausiibt,  und  haben  zu  diesem  Zwecke  von  einem  Endo- 
Agarsatz  drei  Kolonien  isoliert  und  jedesmal  eine  Kolonie  auf 
Endo-Agar  ausgestrichen.  Von  den  letzten  drei  Endo-Agar- 
satzen  nahmen  wir  je  eine  isolierte  Kolonie  zum  Versuch.  Es 
seien  die  Kolonien  A,  B,  C.  Das  Verhalten  der  drei  Kolonien 
gegen  arsenige  Saure  zeigt  die  folgende  Tabelle. 

1)  Diese  Arbeit  wurde  auf  Grund  einer  ^Fellowship'*  des  Rockefeller 

Institute  for  medical  Research,  New  York  Citv,  ausgefiihrt. 
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Tiibelle. 


Arseiiige  Siiuif 
verdiinnt  in 

Verechiedene  Individuen  vom  An 

isgangsstamm 

gewohiilicheiii 
Agar 

A 

B 

C 

1:34000 
1:33  000 
1:32  000 
1  :  31  oa) 
l:300a) 
1:29  000 
l:280a) 
1  :  27  000 
1:2G000 
1  :  25  000 
1:24000 
Kontrollen 

gewaclisen 

»> 

)' 

kein  Wachstum 

»>            »> 

>1                 >) 
J>                 >) 

gewachsen 

gewachsen 

kein  Wachstum 
gewachsen 

gewachnen 
)) 
It 
it 

keui  Wachstum 
gewachsen 

Es  geht  also  aus  der  Tabelle  hervor,  dafi  die  Abkommlinge 
eiu  und  derselben  Kultur  ein  verschiedenes  Verhalten  gegen- 
tiber  der  arsenigen  Saure  zeigeii.  Dieses  Resultat  stimmt  mit 
den  von  Eisenberg  mitgeteilten  Beobachtungen  iiber  ver- 
schiedene  Agglutinierbarkeit  der  einzelnen  Individuen  der- 
selben Kultur  iiberein, 

Es  wurde  dann  versucht,  die  Bakterien  gegen  das  Mittel 
fest  zu  raachen,  und  zu  diesem  Zweck  wurden  melirere  Reihen 
absteigender  Mengen  von  arseniger  Siiure  mit  Agar  gemischt. 

Wir  haben  zu  diesem  Yersuch  die  Kultur  B  (s.  Tabelle) 
benutzt,  die,  wie  ersichtlicli,  noch  bei  einem  Zusatz  von  1 :  27  000 
arseniger  Saure  deutliches  ^Yacllstum  zeigte.  Unter  langsamer 
allmahlicher  Steigerung  der  Konzentration  haben  wir  uach 
3  Jaliren  mtihevoller  Arbeit  erreicht,  daC  die  Kultur  jetzt  auf 
Agar  wachst,  dessen  Konzentration  an  arseniger  Siiure  1 :  3500 
betritgt,  also  etwa  8-fach  starker  ist,  als  die  dem  Ausgangsstamm 
ein  Wachstum  noch  ermogiichende  maximale  Konzentration. 

Als  der  Vorrat  an  Agarrohrchen  mit  den  einzelnen  Ver- 
diinnungen  arseniger  Saure  erschopft  war  und  eine  neue  Serie 
von  Agarverdiinnungen  angefertigt  werden  muCte,  ergab  sich  die 
interessante  Beobachtung,  daB  die  Kultur  bei  der  Konzentration, 
die  eben  noch  in  dem  alten  Rohrchen  ein  Wachstum  zuHeB, 
schon  im  Wachstum  unterdriickt  wurde ,  doch  konute  sehr 
schnell  die  friihere  Toleranz  gegen  das  Mittel  erreicht  werden. 

Was  die  Technik  der  Hohertreibung  der  Resistenz  an- 
betrifft,    so    em  p  fa  hi    es    sich,    langsam    vorzugehen 
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1111(1  (lie  Kulturcii  inelinnals  auf  der  jjjlciclicn  Konzentration 
tortzutiihrcMi,  daiiiit  sie  sicli  vollkoniinen  an  diosolbo  a(laj)ti(;ren. 
Die  Sleigeruiig  der  Festigkeit  go  lit  iibrigens 
iiiclit  gl  eicliin  iilUg  i)rogressiv  vor  sich,  son  der n 
erfolgt  eta])])en  weise.  So  kann  es  vorkomnicn,  daB  bei 
einer  liestiiiiiiileii  erreichten  II()lie  monatelang  auf  derselben 
Konzentration  fortgeziichtet  werden  niuB,  elie  man  die  Kon- 
zentration steigern  kann.  Solche  Stufen  konnten  wir  ins- 
besondere  bei  den  Konzentrationen  von  l:ir)()00,  1  :  120r)r), 
1  :S000  beobachten. 

\'  e  r  ii  n  d  e  r  u  n  g  e  n    der    a  1 1  g  e  m  e  i  n  e  n    E  i  g  e  n  t  ii  m  1  i  c  h  - 

keit  der  Bakterien. 

1)  Die  Kultur  wird  sofort  unter  dem  EinfluR  der  arsenigen 
Siiure  unbeweglich.  Die  Unbeweglichkeit  besteht  so  lange,  als 
die  Kultur  auf  arsenhaltigem  Niihrboden  geziiclitet  wird,  letztere 
gewinnt  aber  nacli  einigen  Passagen  auf  gewolmlichem  Agar  die 
Beweglichkeit  wieder. 

2)  Die  GeiRelfarbung  zeigt  eine  viel  geringere  Zalil  und 
Verkiirzung  der   einzelnen  GeiBeln  als  beim  Ausgangsstainm. 

3)  Die  Bakterien  erscheinen  im  Ausstrichpraparat  kiirzer 
und  plumper  und  neigen  zu  langerer  Kettenbildung,  die  den 
Eindruck  hervorruft,  als  ob  es  sich  urn  ein  einziges,  sehr  langes 
Bakterium  handelte. 

4)  Auf  gewohnlichem  Agar  und  Loffler-Serum  zeigt  das 
AVachstum,  abgesehen  von  einer  Verminderung,  keine  Besonder- 
heiten. 

5)  Ein  sehr  eigentlimliches  Wachstum  zeigen  diese  arsen- 
festen  Bakterien  auf  Endo-Agar.  Bei  einer  Toleranz  von 
1:15000  arseuiger  Saure  sind  die  Bander  der  Kolonien  sehr 
unregelmaCig  und  ausgefranst.  Ihre  Farbe  ist  verschieden, 
teils  sind  die  Kolonien  ganz  weiB,  teils  sind  sie  rot  mit  einer 
weiBen  Zentralzone,  teils  ganz  rot.  Bringt  man  eine  rote 
Kolonie  durch  Abstechen  wieder  auf  Endo-Agar,  so  wachsen 
darauf  sowohl  weiBe  als  auch  die  oben  beschriebenen  rot- 
weiBen  Kolonien.  Durch  mehrmalige  Wiederholung  der  Pro- 
zedur,  wobei  man  jedesmal  eine  rotweiBe  Kolonie  absticht, 
erhitlt  man  endlich  nur  noch  ganz  weiBe  Kolonien,  wie  die 
Originalkultur.  Die  Zahl  der  erforderlichen  Ueberimpfungen 
liiingt   von    der  Hohe   der  Toleranz  ab,  je  starker  die  Arsen- 

1* 
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festigkeit   ist,   desto   luehr  Passagen   sind    erforderlich,   dainit 
die  Bakterien  ihr  nonnales  Wachstuiii  wieder  zeigen. 

Bei  der  maxiiiialen  Festigkeit  (1:3500)  ist  das  Wachstum 
auf  Endo-Agar  sehr  erheblich  geheinint.  Bis  zum  8.  Tage  iiach 
der  Ueberinipfung  sind  die  Kolonien  nur  niit  der  Lupe  zu 
sehen,   sind   alle   rot    und  zeigen  einen  typischeu  „Coligianz". 

Veranderungen  derbiochemischen  Eigenschaften. 

0  r  i  g  i  n  a  1  s  t  a  m  m  vergitrt  Traubenzucker  am  1.  Tag,  und 
Lackniusmolke  wird  tiefblau. 

Arsenstamm  1:20000  fest:  Traubenzucker  vergoren 
am  2.  Tag,  Lackniusmolke  blau  am  7.  Tag. 

Arsenstamm  1 : 1  o  0  00  fest:  Traubenzucker  nicht  ver- 
goren, Lackniusmolke  unverandert.  Sonst  keine  Besonderlieiten. 

H  a  1 1  b  a  r  k  e  i  t  der  V  e  r  a  n  d  e  r  u  n  g. 

Ein  Arsenstamm  von  der  P'estigkeit  1:8000  brauclite 
46  Passagen  auf  gewohnlicliem  Agar,  uni  wieder  das  normale 
Kulturverfaliren  zu  geben.  Wir  beobacliten  jetzt  einen  Stamm 
von  1 :  4000  Festigkeit,  den  wir  90nial  auf  gewohnlichen  Agar 
iiberimpften,  oline  normale  Kulturverhaltnisse  wieder  erreicht 
zu  liaben.  Es  ist  moglich,  daB  dieser  Stamm  noch  liingere 
Zeit  iiberimpft  werden  mu6,  bevor  er  die  kulturellen  Eigen- 
schaften des  Ausgangsstanims  wieder  erlangt.  Es  wiire  aber 
audi  denkbar,  daB  er  ein  Stadium  erreicht  hat,  wo  eine  Riick- 
kehr  zum  kulturellen  Verhalten  der  Ausgangskultur  nicht 
mehr  moglich  ist.  Ganz  ithnliche  Verhiiltnisse  haben  wir 
schon  in  der  Beobachtung  Ehrlichs,  der  von  einem  atoxyl- 
festen  Trypanosomenstamm  Mitteilung  niacht,  der  trotz  drei- 
jithriger  Passage  durch  normale  Mituse  seine  Festigkeit  gegen 
Atoxyl  nicht  eingebiiBt  hat. 

Veranderungen    der   Agglutinierbarkeit. 

Oft  wiederholte  Versuche  gaben  fiir  den  Originalstamm 
einen  Titer  von  1:104000  mit  einem  durch  Vorbehandlung 
eines  Kaninchens  mit  dem  Originalstamm  gewonnenen  Immun- 
serum.  Ein  polyvalentes  Schweinepestserum  agglutiniert  noch 
in  einer  Verdiinnung  1:50000,  ein  Paratyphus-B-Serum  in 
der  Verdiinnung  1 :  100. 

Die  Agglutinierbarkeit  des  festen  Stammes  (1:14000) 
gegentiber  den  angefiihrten  Seren  war: 
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1)  Iininunseriini  (k's  Ausgangsstanmies,  V(3r(liiiiming 
1  :  llMHK). 

2)  Schweinci)cstscriim    1:16000. 

3)  Paratyi)lius-n-SiMinu    1:400. 

Von  I)  OS  0  11(1  ere  111  In  teres  se  ist  der  Uin  stand, 
dali,  Nvie  er  si  chili  ch,  die  Agglu  tinier  bar  keit  ge  gen- 
ii b  e  r  d  e  ni  h  o  ni  o  1  o  g  e  n  1  ni  inunserum,  sowie  dem 
Sell  wei  nei)estserum  eine  erhebliche  Veriiiinde- 
r  n  11  g  e r  f  a li  r en  li  a  1 1 e ,  w  il li  r  e n  d  d  i  o j  e  n  i  g e  g e g e n  i\  b e r 
d  e  ni  P  a  r  a  t  y  p  h  u  s  -  B  -  S  e  r  u  m  s  i  c  h  d  e  n  1 1  i  c  li  g  e  s  t  e  i  g  e  r  t 
erwies.  Nocli  deutlicher  war  der  Unterschied  bei  einer 
Festigkeit  von  1  lOCXX): 

1)  Ininninserum  des  Ansgangsstammes:  1:6400. 

2)  Sclnveinepestseruni :  1  :  100. 

3)  Paratyphus-B-Serum  :  1  :  800. 

Ein  Serum,  das  durch  Vorbehandlung  niit  eineni  (1:6000) 
festen  Stainin  gewonnen  wurde,  agglutinierte  den  homologen 
Stainm  und  die  Originalausgangskultur  in  einer  Verdiinnung 
von   1:12  800. 

Eine  bis  jetzt  noch  nicht  aufgeklarte  Eigentiimlichkeit,  die 
jedocli  durch  mehrmalige  Nachpriifung  sichergestellt  wurde, 
zeigte  das  eben  erwahnte  Immunserum  gegeniiber  einem 
Stamm,  der  friiher  1 :  8000  fest  war,  durch  wiederholte  Passagen 
auf  gewohnlichem  Agar  aber  sein  normales  kulturelles  Ver- 
halten  wiedererlangt  hatte,  indem  es  diesen  Stamm  in  einer 
Verdiinnung  von  1:108400  noch  deutlich  agglutinierte. 

In  einer  nachsten  Publikation  sollen  weitere  agglutinative 
Verilnderungen  und  das  Resultat  der  Komplementbindungs- 
versuche  Erwahnung  finden. 

Es  braucht  kaum  hervorgehoben  zu  werden,  dafi  alle  oben 
erwahnten  kulturellen  und  Agglutinationsversuche  mehrmals  mit 
stets  dem  gleichen  Resultat  ausgefiihrt  wurden.  Die  Agglutina- 
tionsversuche wurden  auRerdem  noch  getrennt  im  stadtischen 
hygienischen  Institut  (Dir.:  Prof.  Dr.  Neisser)  durch  Frl. 
Kriiger  kontrolliert,  denen  ich  an  dieser  Stelle  meinen  besten 
Dank  fiir  die  Liebenswiirdigkeit  und  Mtihe  aussprechen  inochte. 

Veranderung  der  Chemozeptoren. 

Genau  wie  Ehrlich  gezeigt  hat,  daB  atoxylfeste  Trypa- 
nosomen  gegen  Arsenderivate  und  Antimon  fest  sind,  verhalt 
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sich  auch  unser  arsenfester  Bakterienstamm.  Auf  Antimon- 
agar  wachst  der  Ausgaiigsstaiiiin  in  einer  Konzentratioii  von 
1:120(K),  der  arsenfeste  Stanini  dagegen  in  einer  Konzen- 
tratiou  von  1  :  250.  Die  Resistenz  gegeniiber  Antinion  ist  also 
um  das  40-fache  gestiegen,  wahrend  diejenige  gegenuber  arse- 
niger  Siiure  sich  nur  uni  das  8-fache  verniehrt  hatte.  Der 
Uni stand,  daB  durch  die  Behandlung  niitarseniger 
Silure  dieFestigkeitgegenuberAntinion  in  einem 
5-fach  ho  he  rem  Mafie  gestiegen  war,  als  gegen- 
ii  b  e  r  d  e  ni  z  u  r  B  e  h  a  n  d  1  u  n  g  d  i  e  u  e  n  d  e  n  M  i  1 1  e  1 ,  d  ii  r  f  t  e 
besonders  bemerkenswert  sein. 

Ferner  darf  vielleicht  an  dieser  Stelle  darauf  hingewiesen 
werden,  dalS  es  Ehrlich  nicht  gelungen  ist,  bei  Trypanosomen 
eine  Festigkeit  gegen  arsenige  Saure  zu  erzielen,  und  der 
Gegensatz,  in  dem  unsere  Bakterienversuche  dazu  stehen, 
diirfte  vielleicht  darin  eine  Erklilrung  finden,  daB  hier  die  inter- 
ferierende  RoUe  des  Tierkorpers  bei  der  Gewohnuug  an  arsenige 
Saure  fortfiillt. 

Gegen  Reduktionsprodukte  von  Atoxylderivaten  —  Arseno- 
phenylglycin  und  Phenolarsenoxyd  —  verhalten  sich  der  Aus- 
gangsstamni  und  der  arsenfeste  Stamm  wie  folgt: 

Wachstum  des  Ausgangsstammes 

a)  bei  Arsenophenylglycin  1  :  9000, 

b)  bei  Phenolarsenoxyd  1:11 000. 
Wachstum  des  festen  Stammes 

a)  bei  Arsenophenylglycin    1 :  3000, 

b)  bei  Phenolarsenoxyd  1 :  4000. 

Auch  gegenuber  den  aromatischen  Arsenverbindungen  war 
also  eine  immerhin  3-fache  Steigerung  der  Resistenz  wahr- 
zunehmen. 

Zusammenfassung. 

Es  wird  iiber  einen  Stamm  von  Hog-cholera- Bakterien 
berichtet,  der  gegeniiber  arseniger  Saure  durch  systematische 
Gewohnung  eine  hochgradige  Festigkeit  erworben  hatte.  Von 
besonderem  Interesse  sind  dabei  die  Veranderungen  im 
kulturellen  Verhalten,  in  der  Agglutinierbarkeit,  sowie  der 
Umstand,  daB  der  arsenfeste  Stamm  sich  gieichzeitig  gegen- 
iiber Antimon  fest  erwies. 


Separatabdruck  aiis  V  ire  hows  Arcliiv    fiir    patliolo^'isclic  An.itomic  iind  Physiolo^ie  und 

fiir  klinischo  Medizin.     201.  Bund.     1!)1(). 
Diiuk   imd   Vcrlag  von  Georg  Reimer  in  IJcrlin. 


ITber  die  Todesurstache  nach  intrayendser  Injection  yon 

artfremdem  Blutserum/) 

(Aus  dem  Laboratorium  fiir  experimentelle  Pathologie  der  University  of  Pennsylvania.) 

Von 
Leo  Loeb,    A.  Strickler    und    Lucius  T  u  1 1 1  c. 

Im  Verlaufe  von  Untersuchungen  liber  Thrombose  und  Blutgerinnung  schien 
es  uns  von  Interesse,  die  Wirkung  einer  intravenosen  Lijektion  von  artfremdem 

^)  Die  Mittel  zur  Aiisfuhrung  dieser  Vorsuche  wiirden  uns  von  dem  Kockefeller  Institute  for 
Medical  Research  zur  Veriiigung  gestellt. 
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Bliitserum,  unci  insbesondere  die  Bedin^uii^on,  utiter  denen  eine  solche  Injektion 
deu  Tod  des  Veisuchstiert's  herbi'ifiihrt,  iialicr  zu  analysieren.  Sowoit  uiks  bckannt, 
liegen  iiber  diese  Frage  nur  wenige  Mitteilungen  vor.  Im  vvescntlichi'ii  haridelt 
es  sk'li  hierbei  urn  die  Untersuchuiigeii  von    L  a  n  d  o  i  s  ^j    iind    P  o  n  f  i  c  k  -j. 

L  a  n  d  0  i  s  fand,  da6  Hundeserum  im  Reagenzglas  ein  Zusaninienkleben  der 
Erythiozyten  des  Kaninchenblutes  bewirkte;  durch  Ausziehen  der  agglutinierten 
Zellniassen  bilde  sich  Stroniafibrin.  Gleiehzeitig  beobachtete  L  a  n  d  o  i  s  ein 
Austreten  des  Hamoglobins  aus  den  veranderten  Blutkorperchen.  Andere  Sera, 
wie  Lammserum,  Rinderserum  iisw.  erwiesen  sich  als  weniger  stark  hamolytisch 
fiir  Kaninchenblutzellen. 

So  erklarte  denn  dieser  Forseher  den  Tod  nach  intravenoser  Injektion  von 
artfremdem  Serum  als  verursacht  durch  die  Verstopfung  kleiner  Lungengefafie 
durch  solche  Pfropfe  von  Stroniafibrin,  an  die  sich  dann  weiterhin  eine  Aus- 
scheidung  von  plasmatischem  Fibrin  anschlieBen  soil.  Diese  Annahme  war  geeignet, 
die  dem  Tode  vorangehende  Dyspnoe  sowie  die  bei  der  Autopsie  gefundenen  In- 
farkte,  Odeme  und  Hiimorrhagien  in  der  Lunge  zu  erklaren. 

Hier  muB  nun  bemerkt  werden,  daB  schon  vor  der  Veroffentlichung  von 
Landois  Naunyn^)  und  Francken  gefunden  hatten,  daB  Mittel, 
welche  die  Erythrozyten  nach  intravenoser  Injektion  zerstoren,  zur  Thromben- 
bildung  mit  Fibrinausscheidung  fiihren. 

Die  Ergebnisse  von  Landois  fanden  jedoch  nicht  allgemeine  Anerkennung. 
Insbesondere  fand  P  o  n  f  i  c  k  ,  daB  Hunde  groBe  Mengen  von  artfremdem  Serum 
vertragen  konnten.  Nach  Injektion  von  Blut  trat  der  Tod  ein  hauptsachlich 
als  eine  Folge  von  Nierenlasionen.  Koagula,  die  sich  in  den  GefaBen  fanden, 
bildeten  sich  infolge  der  Einfiihrung  der  Injektionsnadel,  oder  waren  erst  post- 
mortal entstanden.  Also  im  wesentlichen  bestritt  P  o  n  f  i  c  k  die  Richtigkeit 
der  von  Landois  gegebenen  Erklarungen.  Der  Widerspruch  in  den  Ergeb- 
nissen  dieser  beiden  Autoren  findet  zum  Teil  darin  seine  Erklarung,  daB  P  o  n  f  i  c  k 
hauptsachlich  mit  Lammblut  arbeitete,  wahrend  Landois  insbesondere  die 
Wirkung  von  Hundeserum  untersuchte.  Als  Versuchstiere  benutzte  Landois 
Kaninchen  oder  Hunde. 

Wir  beschrankten  uns  in  den  folgenden  Versuchen  auf  die  Priifung  zweier 
Sera,  und  zwar  wahlten  wir  Hunde-  und  Rinderserum.  Als  Versuchstier  diente 
uns  ausschlieBlich  das  Kaninchen.  Wir  zogen  es  vor,  die  Wirkung  einiger  weniger 
Sera  auf  eine  einzige  Tierart  eingehend  zu  analysieren,  anstatt  eine  groBere  Anzahl 
von  Sera  in  einer  im  einzelnen  geringeren  Zahl  von  Versuchen  zu  prtifen. 

^)  Landois,    Die  Transfusion  des  Blutes.    Leipzig  1875. 

2)Po.nfick,    Experiment elle    Beitrage    zur    Lelire    von    der    Transfusion.     Virch.  Arch. 

Bd.  62,  1875. 
^)  N  a  u  n  y  n ,    Untersuclmngen  iiber  Blutgerinnung  im  lebenden  Tiere  und  ihre  Folgen. 

Arch.  f.  exper.  Path.  u.  Pharm.  1873  Bd.  1. 


I.   Vers  u  (•  li  ('  m  i  1    II  u  ii  (I  c  s  c  r  ii  m. 
1,    I  II  i  ('  k  t  i  (>  II   V  0  II   a  u  1"   \\  is   i(  c  li  a  Men  v  in  ,   m  o  ^  I  i  c  li  si    ii  ii  v  c  r  - 

ii  II  (1 1'  r  t  ('  111  Jl  u  11  (1  c  s  ('  r  ii  in. 

7m  (li(^s(Mi  Vcrsuclicii  diiMitcn  G;]  Kaninchcn.  Das  JiJIiilscruni  von  unj^cfahr 
lM)  IIuikIcii  \viir(l(»  in  dcii  vcrscliicdcncn  Kxpn-inicnlni  bciiulzt.  Wcscntliclio 
rnlcrst'hicHlc  zwiscluMi  dcii  IJIulscra  i'andon  sicli  iiiclil.  Xacli  stattjjjoi'undcncr 
K()ai!;ulati()n  wurdc  das  lUiit  iin  Kissclirank  gchallcii;  das  S(  rnin  wurde  vor  dcm 
(lobraucli  /,(Mi1rilii<;i(Mt.  Walirend  manchc  Sera  harnoglohiiifici  warcn,  ciithioltcn 
and(M(>  mrlir  odvv  wenigor  gelostos  Iliimoglobin.  Falls  dio  Hundo  kiJrzcrc  Zoit 
vor  d(M-  HluliMilnalnno  gofiittert  worden  waren,  onthielt  das  Serum  emulgiertes  Fett. 
in  der  Mehrzahl  der  Versiiche  fasteten  die  Tiere  20  Stunden  vor  der  Ijlutentnahme. 
l'\^tt-  odor  Ha]noG:lobiiij^ehalt  der  Sera  schien  auf  die  Wirksamkeit  der  Sera  keinen 
stiirkeren  EiiifluB  auszuuben.  Zur  Injektion  wurde  eine  Spritze  benutzt;  in  den 
iiioisten  Versuehen  geschah  die  Einspritzung  diirch  die  Ohrvene  des  Kaninchens; 
(loch  wurde  in  einigen  Fallen  die  Vena  jugularis  externa  hierzu  vcrwendet.  Die 
EinfluBgeschwindigkeit  betrug  in  der  Mehrzahl  der  Yersuche  4  ccm  pro  Minute; 
in  einer  groBeren  Zahl  von  Experimenten  wurde  eine  langsamere  Injektion  (2  ccm 
pro  Minute)  in  Anwendung  gebracht.  Auch  in  diesem  Falle  ergaben  sich  keine 
wesentlichen  Unterschiede,  die  auf  Verschiedenheit  der  EinfluBgeschwindigkeit 
zuriiekgefiihrt  werden  konnten.  Bei  der  Feststellung  der  Wirkung  der  Sera  ist 
es  notig,  das  Gewicht  der  Kaninchen  zu  beriicksichtigen,  da  ein  groBeres  Tier 
auch  eine  groBere  Quantitat  Blutserums  vertragen  kann.  Die  im  folgenden 
angegebenen  Quantitaten  injizierten  Blutserums  sind  daher  alle  auf  1000  g 
Kaninchen  reduziert. 

Letale  Dose  des  Hundeserums.  Die  minimale  Dose,  die  inner- 
halb  der  ersten  zehn  Minuten  nach  Beendigung  der  Injektion  den  Tod  herbeifiihrt, 
liegt  ungefahr  zwischen  7  bis  10  ccm  pro  Kilogi'amm  Kaninchen.  Verschiedene 
Sera  sind  nicht  gleich  stark;  aber  falls  das  Serum  in  der  oben  angegebenen  Weise 
behandelt  wird,  sind  die  Abweichungen  nicht  sehr  bedeutend.  Zuweilen  findet 
man  Sera,  von  denen  5  bis  6  ccm  pro  Kilogramm  Tier  innerhalb  der  ersten  10  Mi- 
nuten tot en. 

Injiziert  man  verschiedene  Quantitaten  desselben  Serums  in  mehrere  Kanin- 
chen, so  findet  man,  daB  Erhohung  der  Dose  den  Tod  beschleunigt ;  doch  werden 
zuweilen  kleine  UnregelmaBigkeiten  beobachtet. 

Tragt  man  die  Quantitaten  des  injizierten  Serums  auf  eine  Abszisse  und  die 
Anzalil  Minuten  bis  zum  Eintritt  des  Todes  auf  die  Ordinate  auf,  so  enthalt  man 
eine  charakteristische  Kurve,  die  zeigt,  wie  mit  Zunahme  des  Serums  die  Zeit 
bis  zum  Eintritt  des  Todes  erst  sehr  stark  abnimmt  und  dann  bei  Zufiigen  von 
mehr  Serum  die  Verkiirzung  dieser  Periode  immer  geringer  wird. 

Einige  Beispiele  mogen  angefiihrt  werden,  um  die  Variationen  in  dem  Ver- 
halten  verschiedener  Sera  zu  zeigen. 
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Serum  16  (20  bis  24  Stundeii  alt).  7  ccm:  Tod  nach  6  Miiiuten;  7,2  ccm:  Tod  iiach 
6  Minuten;  7,8  ccm:  Tod  nach  2  Minuten;  8,6  ccm:  Tod  nacli  'dy^  Minuteii. 

S  e  r  u  m  15.  In  drei  'Heren,  in  denen  je  10  ccm  injiziert  warden,  variiert  die  Zeit  bis  zum 
Eintritt  des  Todes  zwischen  4  und  6  Minuten. 

Serum  14.     8  ccm:  Tier  bleibt  am  Leben;  liy^  ccm:  Tod  nach  2  Minuten. 

Serum  13.     6,6  ccm:  Tod  nach  23  Minuten;    9,3  ccm:  Tod  nach  2  Minuten. 

S  e  r  u  m  12.  8,3  ccm:  Tod  nach  34  Minuten;  10  ccm:  Tod  nach  3  Minuten;  11  ccm:  Tod 
nach  2  Minuten. 

S  e  r  u  m  3.  5  ccm:  Tod  nach  7  Minuten;  5  ccm:  Tier  bleibt  am  Leben;  9  ccm:  Tier  stirbt 
in  1^2  Minute. 

Serum  2  (8  Tage  alt).  9,2  ccm:  bleibt  am  Leben;  10  ccm:  Tod  nach  62  Minuten;  12  ccm: 
Tod  nach  7  Minuten;    14  ccm:  Tod  nach  4  Miimten. 

Serum  3  ist  ein  sehr  stark,  Serum  2  ein  relativ  schwach  wirkendes  Serum. 

Symptome.  Wircl  eine  groBe  Qiiantitat  von  Serum  injiziert,  so  stirbt 
das  Tier  entweder  am  Ende  der  Injektion  oder  wahrend  der  Injektion  unter  Kon- 
vulsionen. 

Tritt  der  Tod  innerhal  b  der  ersten  10  Minuten  ein,  so  f indet  sich  oft  direkt  nach 
Beendigung  der  Einspritzung  eine  kurze  Latenzperiode,  wahrend  der  das  Tier 
anscheinend  wohl  ist;  dann  beobachtet  man  Beschleunigung  der  Eespiration,  das 
Tier  wird  schwach;  darauf  nimmt  die  Schwache  und  Dyspnoe  zu,  zugleich  wird 
das  Tier  unruhig,  sodann  folgen  Konvulsionen  und  Tod. 

Tritt  der  Tod  spater  ein,  so  findet  sich  erst  eine  Periode  beschleunigter  Ee- 
spiration und  Schwache,  dann  erholt  sich  das  Tier,  um  dann  spater  wieder  ahnUche 
Symptome  zu  zeigen  und  unter  Konvulsionen  zu  sterben. 

Doch  konnen  auch  zuweilen  die  Konvulsionen  ausbleiben;  und  in  wenigen 
Fallen  wurden  keine  Konvulsionen  beobachtet,  obwohl  das  Tier  innerhalb  der 
ersten  10  Minuten  nach  der  Injektion  starb. 

Die  zeitliche  Aufeinanderfolge  der  Symptome  ergibt  sich  aus  folgenden  Daten : 

In  einem  Fall,  in  dem  der  Tod  nach  9  Minuten  eintrat,  war  21/0  Minuten  nach 
Beendigung  der  Injektion  die  Atmung  beschleunigt,  nach  3  Minuten  war  Schwache 
bemerkbar,  nach  6  bis  8  IVIinuten  wurde  das  Tier  unruhig,  die  Schwache  nahm  zu, 
die  Dyspnoe  war  betrachtlich.  Nach  8  Minuten  traten  Konvulsionen  ein  und 
eine  Minute  spater  starb  das  Tier. 

In  einem  andern  Fall,  in  dem  der  Tod  nach  6  Minuten  eintrat,  war  nach  2  Mi- 
nuten die  Respiration  beschleunigt  und  erschwert,  nach  3  Minuten  war  das  Tier 
schwach,  nach  4  Minuten  Zunahme  der  Schwache  und  Dyspnoe,  nach  5  Minuten 
Konvulsionen  und  nach  6  Minuten  Tod. 

B  e  f  u  n  d  e  b  e  i  der  A  u  t  0  p  s  i  e.  Bei  der  sofort  nach  eingetretenem 
Tode  vorgenommenen  Autopsie  finden  sich  zuweilen  gar  keine  Veranderungen, 
falls  der  Tod  spat  eintrat;  in  der  groBen  Mehrzahl  der  Versuche  finden  sich  aber 
Veranderungen  im  Herzen  und  in  den  GefaBen  und  in  den  Lungen.  Im  Herzen 
und  in  den  Venen  konnen  sich  Blutkoagula  finden.  AuBerdem  ist  die  rechte  Seite 
des  Herzens  haufig  erweitert.  Die  Blutkoagula  bilden  sich  zuerst  im  rechten 
Herzen,  konnen  sich  sodann  auch  in  die  Hohlvenen  und  die  Portalvene  fortsetzen 
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uikI,  falls  (Icr  Tod  iiiiicrliall)  dcr  crstcn  iMinulcii  iiacli    ncciidi^ninjj^  der  Injcktioii 
riiitral,  liiidcii  sicli  /iiwcilcii  audi    Koa^ida  iiii  liid^cii    llcizcn. 

Ahcr  <li('s('  Koai^nda  liiidcii  sicli  iiur,  falls  dcr  Tod  imicrliall)  dcr  crstcii  iKMimilon 
tMiilrat.  Sic  rmdcii  sicli  ^('^^(*l^l;il.)il,^  wcnn  das  Tier  in  den  crslcri  0  .Miniilcn  slirbt, 
sit'  siiid  ofl,  ahri-  iiiclil  immcr  Noiiiaiidt'ii,  falls  dcr  Tod  zwisclifii  dcr  ll.  mid  9.  Minnie 
crfoli::!,  uiid  sic  sind  rci(clin;d.)i<i^  ahwcsciid,  falls  dcr  Tod  spilt cr  als  [)  Minntcn  nach 
]^cciuli«^nmij:  <'»*'"  lnjcktioii  stattlindcl.  Xiir  in  cincm  Fallc,  in  dcrn  dcr  Tod  spiitcr 
cintrat,  land  sicli  als  cine  Ausnalini'"  cin  klcincs  (icrinnscl  ini  rcchtcn  llcrzori  vor. 

Sind  nun  dicsc  llcrz-  u?id  Vcnonthrornben  die  Ursacho  dos  Todes?  Ks  liiBt 
sich  nachwciscn,  daii  dies  niclil  dor  Fall  ist.  In  mehroron  Vcrsuchcn  wurdcn  das 
Horz  und  die  Venen  cini^er  Kaiiinchoii  bei  gcrade  beginnender  Agonic  untcrsucht, 
und  bier  f  chit  en  die  Herz-  und  Vcnenkoagula,  und  erst  diejenigen  Tiere,  die  am 
Ende  der  Agonie  in  derselben  Versuchsscrie  untersucht  wurden,  wicsen  seiche 
Thrombenbildung  auf.  Diese  Herz-  und  Venenthromben  bilden  sich  daher  erst, 
naelideni  die  zum  Tode  fiihrenden  Vcrandcrungen  bereits  eingesetzt  haben;  sie 
sind  nicht  verantwortlich  fiir  den  Tod;  es  handelt  sich  hier  um  agonale  Thromben. 

Ahnliches  gilt  wahrscheinlich  fiir  die  in  den  groBeren  LungengefaBen  haufig 
auftretenden  Koagula,  soweit  sie  makroskopisch  erkennbar  sind.  Solche  Koagula 
finden  sich  haufig,  aber  nicht  immer,  und  sowohl  bei  Tieren,  die  innerhalb  der  ersten 
10  Minuten  nach  der  Injektion,  wic  auch  bei  solchen,  die  spater  starben.  Aber 
auch  hier  konnten  wir  beobachten,  daB  anscheinend  die  Bildung  dieser  Koagula 
wahrend  der  vor  Beendigung  der  Agonie  begonnenen  Untersuchung  ^)  zunahm. 
So  konnten  sich  in  der  zuerst  untersuchten  Lunge  keine  Koagula  finden,  wahrend 
sie  sich  in  der  zuletzt  untersuchten  Lunge  fanden;  oder  beim  ersten  Einschnitt 
in  die  Lunge  fanden  sich  noch  keine  makroskopisch  sichtbaren  Thromben,  wohl 
aber  bei  dem  zweiten  oder  dritten  Einschnitt.  Es  handelt  sich  hier  offenbar  um 
eine  agonal  erfolgende  Ausdehnung  von  Lungenthromben. 

Weiter  fand  sich  in  den  Lungen  nicht  selten  Odem;  doch  war  dieses  gewohnlich 
nicht  sehr  betrachtlich  und  nicht  die  Todesursache.  In  vielen  Fallen  fehlte  Odem. 
Es  fehlte  sehr  haufig,  falls  der  Tod  in  den  ersten  2  oder  3  Minuten  eintrat,  und  fand 
sich  zuweilen  in  Versuchen,  in  denen  das  Tier  langere  Zeit  am  Leben  blieb  und 
durch  Chloroform  getotet  wurde. 

Zuweilen  fanden  sich  auch  Hamorrhagien  in  der  Lunge,  und  es  kam  vor, 
daC  sie  die  typische  Form  eines  Infarktes  aufwiesen.  Auch  diese  konnten  sich  in 
Fallen  finden,  in  denen  das  Tier  erst  betrachtliche  Zeit  nach  der  Injektion  starb. 

Es  ist  nun  sehr  wohl  moglich,  wenn  wir  uns  auch  mit  Sicherheit  daruber  nicht 
aussprechen  konnen,  daB  Odem  der  Lunge  etwas  haufiger  vorgefunden  wurde, 
in  Fallen,  in  denen  die  EinfluBgeschwindigkeit  des  Serums  4  ccm,  als  in  denen,  in 
welchen  sie  nur  2  ccm  pro  Minute  betrug. 

^)  Zur  Zeit  der  Vornalime  der  Aiitopsie  waren  die  von  dor  Cornea  und  Ilaut  ausgehenden  Reflexe 
erloschen. 
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B  e  i  (J  e  r  ni  i  k  r  o  s  k  o  p  i  s  c  h  e  ii  U  ri  t  e  r  s  u  c  li  u  n  j(  dor  Lunge  ergab 
sich  als  tier  bei  weiteiii  hiiuligste  JJefund  Hainorrhagieii  um  die?  Pulrnonahirterieii- 
zvveige.  In  einigen  Fallen  konnte  man  selien,  vvie  das  Blut  in  die  Arterienwand 
eindrang.     Weiterhin  fiillte  das  Blut  benaehbarte  Alveolen. 

Zuweilen  sehloB  sich  an  diese  Blutungen  Odem  in  den  umliegenden  Alveolen 
an.  Wie  auch  in  andern  Fallen  von  Odem,  t'iihrte  das  Eindringen  von  Fliissigkeit 
in  die  Alveolen  zu  einer  Ablosung  der  Alveolarepithelien  in  einigen  Alveolen. 

Worauf  (lie  periarteriellen  Blutungen  beruhen,  laiit  siclinichtmitSicherrieitfest- 
stellen.  Sie  sind  unabhiingig  von  Thrombenbildung;  sie  fanden  sich  z.  B.  audi 
in  emem  Falle,  wo  das  Tier  nach  Injektion  von  10  ccm  einer  4  prozentigen  Natrium- 
zitratlosung  in  die  Ohrvene  starb.  Es  handelt  sich  vielleicht  um  starke  Kontraktion 
der  Lungenarterien  mit  Erhohung  des  Blutdrucks  und  um  folgende  ZerreiiJung 
der  Arterienwand. 

In  einem  Falle,  wo  Schnitte  durch  einen  Pulmonalarterienthrombus  erhalten 
wurden,  waren  die  Lungenkapillaren  des  zugehorigen  Gebietes  sowie  auch  die 
Lungenvenen  stark  gefiillt;  es  fanden  sich  hier  auch  bedeutende  Ansammlungen 
von  Leukozyten  in  den  GefaBen.  Auch  in  andern  Fallen  fanden  sich  ahnliche 
Befunde.    Es  handelt  sich  hier  wohl  um  eine  Riickstauung  des  Blutes. 

Das  Blut,  das  wahrend  der  Autopsie  entnommen  wurde,  zeigte  bald  beschleu- 
nigte  Gerinnung,  in  andern  Fallen  war  die  Gerinnung  verlangsamt.  Auch  B  o  g  g  s  ^) 
fand  keine  RegelmaBigkeit  nach  intravenoser  Injektion  von  artfremdem  Serum. 
Doch  lassen  sich  gewisse  Regeln  aufstellen,  falls  man  eine  groBere  Anzahl  von 
Versuchen  anstellt.  In  denjenigen  Fallen,  in  denen  das  Blut  in  dem  Herzen 
wahrend  der  Agonie  gerann,  gerann  auch  das  Blut  in  vitro  sehr  schnell,  falls  es 
friihzeitig  entnommen  wurde.  In  Fallen,  in  denen  intrakardial  Gerinnsel  sich  nicht 
bildeten,  war  haufig,  aber  nicht  immer,  eine  verlangsamt e  Blutgerinnung  in  vitro 
zu  beobachten. 

Bei  weiteren  Versuchen  diirfte  sich  vielleicht  auch  die  Zeit,  welche  zwischen 
dem  Tode  und  der  Blutentnahme  verfloB,  als  ein  wichtiger  Faktor  erweisen,  der 
mitentscheidet,  ob  man  das  Blut  in  der  positiven  oder  negativen  Phase  vorfindet. 
Wie  in  vitro,  so  gerinnt  auch  in  dem  Korper  das  Blut  nach  einer  gewissen  Zeit, 
auch  in  solchen  Fallen,  in  denen  der  Tod  spater  als  9  Minuten  nach  Beendigung 
der  Seruminjektion  stattgefunden  hat.  Findet  die  Autopsie  z.  B.  erst  eine  Stunde 
nach  dem  Tode  statt,  so  findet  man  jetzt  auch  in  dem  Herzen  Gerinnsel  auch  in 
solchen  Fallen,  in  denen  wahrend  der  Agonie  keine  Gerinnsel  sich  gebildet  hatten. 

Als  eine  Folge  der  Injektion  von  Hundeserum  findet  in  dem  Korper  Hamolyse 
statt.  Falls  man  das  Blut  nach  der  Entnahme  sofort  zentrifugiert,  findet  man 
das  Serum  mehr  oder  weniger  rot  gofiirbt.  Auch  durch  Ziihlung  der  Erythrozyten 
vor  und  nach  der  Seruminjektion  liiBt  sich  diese  Hamolyse  feststellen.  So  sank 
z.  B.  in  einem  Versuche  die  Zahl  der  roten  Blutkorperchen  von  6  220  000  auf 

f    ^)T.  R.  Boggs,  ijber  Beeinflussimg  der  Geriimiingszeit  des  Blutes  im  lebenden  Organismus. 
[^      D.  Arch.  f.  klin.  Med.  Bd.  79,  1904. 
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5  020(XM);  dies  rutspriclit  ctw.i  ('iiicm  Vciiiist  voii  U)*',,  dcr  l^rytlirozylfn  iin  Vcr- 
laiifc  vdii  ini^n'l'jilir  I)  Miinilcii.  D.'is  Kaiiiiiclicii  \v(»<r  l<)()()<r.  10  ccin  Sciiiiii  wurdcii 
intrav(Mi(")s  injizicrt;  das  Tirr  slarl)  1!)  .Miiiiitcn  iiacli  dcr  liijckliori ;  die  crstr  ]-Jlut- 
(Mitiialiiiic  /.mil  /\\((lvt'  dcr  I'j-vthrozytciiza.liluii^-  land  dirckl  vor  dcr  Injcklion, 
die  /wcilc  Dliiiciitiialiiiic  f)'^  iMimiten  spiiter  stall. 

1  n  i  c  k  I  i  o  II  c  i  II  c  r  K  o  m  1)  i  ii  a  1  i  o  ii  v  o  n  (]  c  f  i  b  r  i  ri  i  (»  r  t  c  m 
K  a  11  i  11  c  li  c  II  1)  I  11  1  11  II  (I  11  u  n  d  c  s  e  r  u  ni.  lull  \'('rsuch('ri  wurdc  an  Stclh; 
von  JimidcstMiim  ciiic  Konihiiiatioii  von  dolibrinicrlcui  Kaiiinchcnblut  und  llundc- 
s(M-uni  injizicrl.  hcJibrinicrlcs  Kanin('hcnl)liit  alloin  wird  anstandslos  vcrlra^cn, 
falls  OS  oino  Slundc  nacli  dcr  l^lutcntnahmc  odcr  spiitor  injizicrl  wird.  In  Koni- 
bination  mit  llnndcscnnu  wirkt  es  totHch.  In  unsern  Vcrsuchon  wurde  gewohnlich 
ziierst  das  Kaninchenblul  iind  sodann  das  Himdeserum  injiziort.  Bemcrkonswert 
ist  in  diosen  Vorsuchcn,  dal)  in  zwci  Fiillcn  die  Tiere  schon  nach  Injcktion  von 
5  und  6  ecni  Hundosoruni  in  wonigon  Minutcn  starben;  der  Injcktion  des  Hundc- 
scrums  war  in  dicscn  Fallen  cine  Injcktion  von  7  bzw.  8  com  Kaninchcnblut  voran- 
gcgangcn.  MogUchcrwcise  macht  die  Einspritzung  von  Kaninchcnblut  das  Hundc- 
scrum  ein  wcnig  gcfiihrlichcr  fur  das  Kaninchen;  doch  ist  der  Unterschied  jedcnfalls 
nur  sehr  gering.  Fcrner  ist  auffallend,  daB  in  drei  Vcrsuchcn,  in  denen  die  Ticre 
4  Minutcn  nach  der  (getrenntcn)  Injcktion  von  Kaninchcnblut  und  Hundeserum 
starben,  sich  keinc  Thi'omben  im  Hcrzen  fanden,  was  der  Fall  gewcsen  ware,  falls 
zu  dieser  Zeit  dcr  Tod  nach  Injcktion  von  Hundeserum  allein  stattgefunden  hatte. 
Zugleich  zeigen  diese  letztgenannten  Versuche,  wie  variabel  die  Gerinnungszeit 
des  Blutes  unter  diesen  Bedingungen  ist. 

In  den  drei  Experimenten  erfolgte  jedesmal  dcr  Tod  4  Minuten  nach  Beendi- 
gung  der  Injcktion,  die  Gerinnungszeit  des  sofort  nach  dem  Tode  entnommenen 
Blutes  war  in  dem  zwciten  Versuch  10  Minutcn,  in  dem  dritten  4  Minuten  und 
in  dem  ersten  Versuch  hatte  nach  30  Minuten  nur  cine  teilweise  Gerinnung  statt- 
gefunden. 

Es  ist  wahrscheinlich,  daB,  falls  cine  Kombination  von  defibrinicrtem  Ka- 
ninchcnblut unci  von  Hundeserum  injiziert  wird,  die  in  dem  Kaninchcnblut  nach 
dem  Dcfibrinieren  enthaltenen  gcrinnungbcschlcunigenden  Substanzen  nicht  ohne 
Bedeutung  bleiben  und  in  Verbindung  mit  dem  Hundeserum  den  Tod  herbeif uhren. 

-         2.  Injektion  von  Hirudin  und  Hundeserum. 

In  der  ersten  Versuchsreihe,  in  der  wir  unverandertes  Hundeserum  injizierten, 
spiclten  Thrombcn  im  Herzen  und  in  den  Lungen  cine  bedcutendc  Kolle.  Unter 
den  Symptomen  war  die  Dyspnoe,  an  die  sich  Konvulsionen  anschlosscn,  am 
mcisten  in  die  Augcn  fallend.  Diese  Tatsachcn  Icgtcn  den  Gcdanken  nahe,  da6 
intravaskulare  Gerinnungsvorgange  ftir  die  Ictale  Wirkung  des  Hundcscrums  ver- 
antwortlich  sein  mochtcn.  Es  war  nun  moglich,  diese  Annahme  ciner  cxperimen- 
tellcn  Priifung  zu  untcrziehen.  Eingriffe,  die  die  intravaskulare  Gerinnung  auf- 
heben  oder  vermindern,  sollten  dann  die  letale  Dose  des  Hundcscrums  herabsetzen. 
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Intraveiiose  Injektion  von  Hirudin  erschwert  die  Blutgerinnunf(.  Falls  also 
intravaskulare  (lerinnuno^svortran^e  alk*in  oder  in  Vcrhindung  niit  andcrn  Faktoren 
bei  dtT  U'talen  Wirkung  des  Hundcserunis  in  Betracht  koinnien,  solltc  cine  Koni- 
hination  von  Hirudin  und  Blutseruni  die  letale  Hose  des  Hundeserunis  erhohen. 
Hierbei  ist  nun  zu  beriicksiehtigen,  dab  die  gerinnungsheniniende  Ki-aft  des  Hirudins 
beschrankt  ist.  Hirudin  wirkt  sehr  kraftig  gegen  Thrombin,  es  hernmt  daher  die 
gerinnungsbeschleunigende  Wirkung  des  Hundeserunis  gegeniiber  dem  lilutkorper- 
ehenfreien  Plasma  sehr  wesentlich;  Hirudin  wirkt  aber  viel  schwacher  hemmend 
gegeniiber  den  in  den  Geweben  vorhandenen  Gewebskoagulinen  und  ebenso  gegen- 
iiber gewissen  Bestandteilen  der  Erythrozyten,  die  bei  der  durch  Hundeserum 
bewirkten  Hamolyse  frei  werden. 

Daher  kann  Hirudin,  falls  innerhalb  der  GefaBe  eine  starkere  Hamolyse  durch 
Injektion  von  Blutserum  des  Hundes  bewirkt  wird,  nur  bis  zu  einem  gewissen 
beschrankten  Grade  lebensrettend  wirken. 

Es  wurden  nun  26  Kaninchen  mit  Hirudin  und  Hundeserum  injiziert.  Die 
angewandten  Hirudinmengen  schwankten  in  den  einzelnen  Versuchen  zwischen 
80  und  20  mg;  in  der  Mehrzahl  der  Versuche  wurden  50  mg  injiziert,  einmal  sogar 
nur  15  mg.  Dabei  kommen  nun  noch  Variationen  in  der  Starke  des  Hirudins  hinzu. 
Manchmal  wurde  zuerst  das  Hirudin  in  etwa  0,85  prozentigem  NaCl  gelost,  intra- 
venos  injiziert  und  Yo  bis  2  Minuten  spater  das  Serum,  in  andern  Fallen  wurde 
das  Hirudin  oder  ein  groBerer  Teil  desselben  mit  dem  Serum  gemischt  eingespritzt ; 
in  einigen  Fallen  wurden  nach  Injektion  dieser  Mischung  nach  Ablauf  einiger 
Minuten  weitere,  gewohnlich  kleinere  Mengen  Hirudin  injiziert. 

Das  Resultat  war  nun,  daB  in  der  Mehrzahl  der  Versuche  das  Hirudin  die 
letale  Dose  des  Hundeserums  erhohte,  und  zwar  schwankte  in  den  einzelnen  Ver- 
suchen die  Erhohung  der  Dose  zwischen  50  und  100  %. 

Wurde  die  Dose  des  Serums  noch  weiter  erhoht,  so  blieben  die  Tiere  nicht  am 
Leben,  aber  sie  starben  weniger  schnell  als  die  Kontrolltiere.  Auch  die  Symptome 
waren  ahnlich,  erst  Beschleunigung  der  Atmung  und  vor  dem  Tode  Konvulsionen. 
Doch  konnten  auch  die  Konvulsionen  fehlen.  Bei  der  Autopsie  fanden  sich  nach 
einer  vorhergehenden  Hirudininjektion  niemals  Gerinnsel  im  Herzen  oder  in 
den  groBen  Venen;  wohl  aber  fanden  sich  Thromben  in  den  LungengefaBen  in 
einer  Anzahl  der  Falle.  Auch  hier  schienen  diese  erst  agonal  zu  entstehen  oder 
jedenfalls  agonal  sich  auszudehnen,  wie  wir  dies  oben  beschrieben  haben  bei  Tieren, 
die  Hundeserum  ohne  Hirudin  erhalten  hatten.  Odem  der  Lunge  fand  sich  hiiufig 
in  geringerem  oder  starkerem  Grade;  doch  konnte  es  auch  fehlen.  Bei  der  mikro- 
skopischen  Untersuehung  fanden  sich  wieder  Blutungen  um  die  Pulmonalarterie. 
Das  nach  dem  Tod  entnommene  Blut  blieb  langere  oder  kiirzere  Zeit  ungeronnen. 

Es  wurden  nun  hier  wiederum  einige  Erythrozytenzahlungen  vor  und  nach 
der  Einspritzung  des  Hundeserums  vorgenommen,  um  den  Verlauf  der  intravasku- 
laren  Hamolvse  zu  ermitteln. 


Es  crgab  sich  in  oincm  V'orsuch,  daB  vor  dcr  liijcktioii  von  10  crm  Scrum  plus  50  mg  Hirudin 
die  Anzald  dcr  I'ryllinizylcn  GToOOOO  l)('lru<r.  20  Miiiutcn  nacli  dcr  Injcktion  war  dicsclljc  auf 
4  380  000  (lliinio^ddhin  im  Trin),  3>4  Stuiidcii  nach  dcr  Jnjcktion  auf  3  800  000,  o'/^  Stundcn 
nadi  dcr   Injcktion  auf  3  57G  000  gcsunkcii. 

Dioser  Vcrsiich  /,(Mt;l,  dnl.)  kiirz  ii.icli  dcr  hijcklioii  cine  imscIic,  danii  stundcri- 
1,111^:  v'ww  laiii^s.-imcrc  Zn'sloruii^^  dcr  Krythrozytcn  slattlifidct.  J)as  Tier  war 
Nviilirciid  dicsiM'  Zcit   schwacli,  abcr  hlich  am   Lclx'ii. 

Ill  tMiicni  aiidrrii  X^tsucIic  liiiiu;c^cii  slaih  das  Tier  allmiililicli  mitcr  zunchmcn- 
dcr  Sclnvjiciic. 

In  dicscni  Falic  wurdcn  IG  ccni  Scnim  +  30  mg  Hirudin  injizicrt.  Sdioii  vor  dcr  Injcktion 
war  die  Zahl  dcr  Krvtiirozytcn  sohr  niedrig,  niimlich  3  7 GO  000.  Das  Tier  war  also  anamisch. 
11  Minutcn  nacli  dcr  Injcktion  war  die  Zahl  auf  2  200  000  nnd  2  Stundcn  spatcr  auf  1  900  fKK> 
gesunken.  Also  audi  liicr  ciiu'  iihnliche  Kurve.  Das  Tier  starb  unter  zunehmender  Schwache 
nach  4  Stundcn. 

Es  mogeii  einigo  Beispicle  fiir  die  Wirkung  des  Hirudins  angefiihrt  werden. 

Serum  16  ohne  Hirudin  zeigte  die  folgende  Wirkung:  7  com  toteten  in  9  Minuten,  7,2  com 
in  6  Minuten,  7,8  com  in  2  Minuten,  8,6  com  in  3^/^  Minuten. 

Es  wurdcn  nun  cincm  Kanindien  80  mg  Hirudin,  gelost  in  7  com  0,85  prozentigem  NaCl, 
injiziert.  Eine  halbe  Minute  spater  wurden  12,5  com  Serum  injiziert.  Das  Tier  blieb  am  Lebcn. 
In  eLn  anderes  Tier  wurden  nach  vorausgehender  Injektion  der  gleichen  Dose  von  Hirudin  10,5  ccm 
Serum  emgespritzt.  Hier  blieb  das  Tier  nicht  am  Leben,  sondem  starb  nach  19  Minuten,  also 
unter  starker  Vcrzogerung.  Das  Tier  zeigte  bald  nach  der  Injcktion  Schwache  und  nach  2%  Mi- 
nuten schnelle  Respiration.  Darauf  schien  es  sich  zu  erholen.  Aber  etwa  18  Minuten  nach  der 
Injektion  traten  plotzhch  Konvulsionen  auf,  und  dann  starb  das  Kaninchen.  In  den  Lungen 
fanden  sich  geringes  Odem  so\vie  Thromben.  Im  Herzen  waren  Koagula  nicht  vorhanden.  Das 
nach  dem  Tode  entnommene  Blut  blieb  in  vitro  lange  flussig. 

In  einem  mit  einem  andern  Serum  angestellten  Versuch  starb  das  Kontrolltier  nach  In- 
jektion von  8,3  ccm  Serum  in  2  Minuten.  Ein  Tier  hingegen,  das  15  ccm  -f  30  mg  (sehr  wirk- 
samen)  Hirudins  erhalten  hatte,  blieb  am  Leben. 

Fcrner  sei  ein  Versuch  angefiihrt,  in  dem  Injektion  von  Hirudin  ohne 
Wirkung  blieb. 

KontroUtiere  starben  nach  Injektion  von  10  ccm  in  4  bis  5  Minuten.  Kaninchen,  die  vor 
der  Seruminjektion  30  bis  45  mg  Hirudin  erhielten,  starben  nach  der  Injektion  von  10,5  bis  11,3  ccm 
Serum  ungefiihr  wie  die  KontroUtiere  nach  3^  bis  5  Minuten,  ebenfalls  unter  Konvulsionen. 

In  diesen  drei  Versuchen  fand  sich  einmal  kcin  Lungenodem,  einmal  nur 
geringfiigiges  und  einmal  ausgepragtes  Odem.  Thromben  fanden  sich  in  den 
Lungen,  aber  nicht  in  dem  Herzen.  In  einem  Falle,  in  dem  die  Autopsie  bald 
nach  Beginn  der  agonalen  Konvulsionen  gemacht  wurde,  lieB  sich  feststellen,  daJ^ 
die  Thromben  erst  wahrend  der  Agonie  sich  bildeten. 

Im  allgemeinen  zeigte  sich  das  Hirudin  wirksam  in  den  Fallen,  in  denen  eine 
geniigende  Menge  nicht  zu  stark  abgeschwachten  Hirudins  injiziert  wurde.  Es 
waren  besonders  einige  Versuche,  in  denen  geringe  Mengen  von  Hirudin  gleich- 
zeitig  mit  dem  Serum  anstatt  vor  dem  Serum  eingespritzt  wurden,  in  denen  Hirudin 
die  letale  Dose  nicht  erhohte.  DaB  nun  Hirudin  eine  solche  distinkte  Wirkung 
ausiibte,  beweist,  daB  Gerinnungsvorgange  im  Kreislauf  filr  den  Tod  nach  Injektion 
von  Hundeserum  verantwortlich  sind.     Wahrscheinlich  beruht  aber  die  primare 
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Schwache  und  Kespirationtibeschleunigung  nach  liijektion  des  SiTunis  (die  iiiner- 
halb  der  ersten  3  Minuten  ablaufeiiden  Symptoine  im  Falle  iiicht  letaler  Wirkurif^) 
auf  zentraler  Wirkung  des  Serums,  etwa  auf  Becinflussung  des  vasoniotorischen 
und  Respirationszentrums.  Es  bleibt  nun  noch  zu  erkliiren,  daii  Hirudin  die  letale 
Wirkung  des  Serums  nicht  ganz  aufliebt,  sondern  nur  vermindert.  Das  beruht  in 
erster  Linie  wohl  darauf,  daB,  falls  starke  Haniolyse  stattfmdet,  Hirudin,  das  ja 
nur  ftir  eine  beschrankte  Zeit  iin  BlutgefilBsystem  wirksam  ist,  nicht  die  Jiildung 
kleiner  Koagula  verhindern  kann,  die  sich  dann  in  den  LungengefaCen  ansamnieln 
und  diese  verstopfen.  Es  findet  dalier  nur  eine  gewisse  Verzogerung  des  Todes 
statt.  Wir  fmden  daher  spater  Zeichen  von  in  den  Lungen  sich  ausdehnenden 
Thromben.  Doch  sind  nicht  die  grolien,  mit  dem  Auge  sichtbaren  Thromben  in 
der  Lunge  die  direkte  Todesursache,  da  diese  sich  ja  wahrscheinlich  erst  nach 
Beginn  der  agonalen  Symptome  bilden,  sondern  es  handelt  sich  offenbar  primar 
um  kleine  Koagula,  und  die  groBeren  Koagula  stellen  nur  eine  Ausdehnung  der 
kleineren  dar.  Auch  die  Herzkoagula  spielen  bei  der  Serumwirkung  keine  Eolle, 
sie  sind  agonal;  in  keinem  Falle  fanden  sich  Herzthromben  nach  Injektion  von 
Hirudin,  auch  in  den  Versuchen,  in  welchen  eine  Erhohung  der  letalen  Dose  durch 
Hirudin  nicht  bewirkt  worden  war.  Wir  konnen  aber  auch  nicht  ausschlieBen, 
daB  in  einigen  Fallen  der  Tod  nach  der  Injektion  von  Hirudin  und  Serum  durch 
Lungenodem,  in  andern  Fallen  durch  starke  Hiimolyse  in  schwachen  Tieren  und 
durch  direkte  oder  indirekte  zentrale  Wirkung  auf  gewisse  Teile  der  Medulla 
oblongata  und  des  Riickenmarks  zustande  kam.  Jedenfalls  beweisen  diese  Ver- 
suche,  daB  die  primare  Todesursache  nach  intravenoser  Injektion  gentigender 
Mengen  von  Hundeserum  in  Kaninchen  auf  intravitalen  Gerinnungen  und  Ver- 
stopfung  vieler  kleiner  LungengefilBe  beruht. 

Wir  berucksichtigen  aber,  wie  ausdriicklich  bemerkt  werden  soil,  in  diesen 
Versuchen  nur  die  Falle,  in  denen  der  Tod  innerhalb  der  ersten  Stunden  nach  der 
Injektion  und  nicht  erst  spater  eintrat.  Uber  die  Ursachen  des  spater  eintretenden 
Todes  haben  wir  keine  Untersuchungen  angestellt. 

3.  Ein  f  1  uB  der  War  me  auf  die  letale  Dose  des  Hun  deserums. 

Zur  weiteren  Analyse  der  toxischen  Wirkung  des  Hundeserums  war  es  von 
Interesse,  den  EinfluB  der  Erwarmung  festzustellen. 

Es  ergab  sich,  daB  Erwarmen  auf  56^  wahrend  einer  halben  Stunde  die 
Giftigkeit  des  Serums  aufhebt. 

So  wurde  z.  B.  die  Injektion  von  16  ccm  ohne  Symptome  ertragen.  Blutserum,  das  23  Stunden 
im  Thermostat  (38°)  gehalten  wurde,  hatte  betrachtlich  an  Toxizitiit  verloren.  Nach  Injektion 
von  10,7  ccm  und  16,1  ccm  traten  nur  geringe  Reaktionen  auf,  und  die  Tiere  erholten  sich. 

Auch  Serum,  das  41/2  Stunden  bei  38"  im  Thermostat  gestanden  hatte,  hatte  an  Kraft  ver- 
loren. Wahrend  12  ccm  Kontrollserum  (8  Tage  alt,  daher  wohl  ein  wenig  getriibt,  obwohl  im 
Eisschrank  gehalten)  in  7  Minuten  toteten,  erholt  sich  ein  Kaninchen  nach  Injektion  von  23  ccm 
desselben  Serums,  nachdem  es  41/2  Stunden  bei  38"  gehalten  worden  war.  Doch  stirbt  ein  zweites 
Tier  nach  Injektion  von  23,6  ccm  eines  solchen  Serums;  hier  fanden  sich  Koagula  im  rechten  Herzen. 
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ScluMi  till  AiilViitliall  von  1^4  Stimdcn  bci  38^  im  Tlicrinoslat  schwacht  das 
Seniin  ifi   fiachwcisharcr  Wcisc. 

\Valnvn(l  i),2  vein  Koiitiollscriiin  oin  Kaiiinclicn  in  G  Miimicii  und  G  ccm  in  2^2  Stunden 
lotot(>n.  ttitctcn  nacli  ] '  jstiindii^cr  Krwiirmunj,'  auf  38"  0,2  ccm  in  15  Minutcn,  JG,0  ccm  in  2  Minutcn 
(Koat^'ulum  in>  ifclitcn  llcrzcn).  27,7  ccm  dirckt  nach  AbscIduU  der  Injcktion  (Koagulum  im 
rcchton  lIcr/.tMi  und  in  dm  Xcncn).  Narli  Injokiion  von  G,.'}  ccin  crwiirmtcn  Serums  crholte 
sit>h  v'\n  Tier. 

St'Timi,  (las  P» ',  StimdiMi  bci  Zirnni('rt(MTip(M*a1iir  stand,  war  iiiclit  incrklicli 
u^Vi^vhw  ■dv\\\ . 

Kin  s(dclios  Srrnm  totctc  in  ciner  Dose  von  8,6  ccm  sofort  mit  Koap^nlis  inllerzen  und  Vencn, 
wjihrend  Kontrollserum  in  ciner  J)ose  von  8,3  ccm  in  2  Minutcn  und  in  einer  Dose  von  9  ccm 
in  5  Minuten  toteto.     Nacli  Injektion  von  6  ccm  erholte  sich  cin  Tier. 

Wir  solion  also,  (laI3  Krwiirmen  auf  56*^  wahrend  ciner  halbcn  Stundc  das 
Serum  unseluidlicli  niaeht,  dafi  cine  Erwarmung  auf  38"  wahrend  einer  Periodc 
von  2  bis  23  Stunden  das  Serum  nachweisbar  schwacht,  wobei  liingere  Erwarmung 
wirksamer  ist;  daB  aber  etwa  zweistiindiges  Stehen  bei  Zimmertemperatur  eine 
merkliche  Abnahme  in  der  letalen  Wirkung  des  Serums  nicht  bewirkt. 

4.  Adsorptionsversuche. 

49  Kaninchen  wurden  mit  Hundeserum  injiziert,  das  mit  fein  zerteilten  Organen 
des  Hundes  oder  des  Kaninchens  wahrend  1  oder  2  Stunden  im  Schiittelapparat 
vermischt  w^orden  war.  Die  Proportionen,  in  denen  Serum  und  Organe  gemischt 
wurden,  waren  verschieden  in  verschiedenen  Versuchen.  Es  wurden  in  der  Mehr- 
zahl  der  Versuche  23  oder  13  g  des  fein  zerteilten  Organes  mit  100  ccm  Serum 
gemischt.  Vor  dem  Gebrauch  wurden  die  Suspensionen  durch  mehrere  Lagen 
von  engmaschigem  Tuch  filtriert  und  dann  mehrere  Male  zentrifugiert.  Die 
benutzten  Organe  waren:  Kaninchen-  und  Hundehirn,  Kaninchenniere  und  Hunde- 
und  Kaninchenleber.  Es  ergab  sich  nun,  daB  durch  Adsorption  ein  Teil  der  schad- 
lichen  Substanzen  aus  dem  Serum  entfernt  werden.  Die  letale  Dosis  wird  erhoht, 
und  zwar  in  den  verschiedenen  Versuchen  verschieden  stark.  Ein  durchgreifender 
Unterschied  in  der  Wirkung  der  verschiedenen  Organe  bestand  nicht.  Ein  Unter- 
schied  in  der  Wirkung  des  so  behandelten  Serums  v^on  dem  gewohnlichen  Serum 
lag  darin,  daB  in  einer  Anzahl  von  Versuchen,  in  denen  die  Tiere  innerhalb  von 
6  Minuten  nach  beendigter  Injektion  starben,  sich  im  Herzen  keine  Koagula  fanden. 
Fiihrt  Injektion  von  unbehandeltem  Serum  in  dieser  Zeit  zum  Tode,  so  finden  sich 
regelmaBig  Herzkoagula.  Doch  waren  in  einigen  Fallen,  in  denen  das  Tier  in 
wenigen  Minuten  starb,  Herzkoagula,  trotz  vorheriger  Behandlung  des  Serums 
mit  Organen,  vorhanden.  Diese  Verschiedenheit  in  dem  Verhalten  der  beiden  Sera 
ist  entweder  dadurch  verursacht,  daB  nach  Einwirkung  der  Organsuspension 
gewisse  Substanzen,  die  aus  den  Geweben  extrahiert  werden,  die  Eigenschaften 
des  Serums  andern,  oder  moglicherweise  hangt  dieses  Verhalten  davon  ab,  daB 
zuweilen  trotz  sorgfiiltiger  Behandlung  kleine  Partikel  von  Organsuspension  in 
dem  Serum  blieben  und  Lungenembolien  verursachten. 
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Wahreml,  vvie  vvir  friiher  saheri,  das  Hlul  des  Kaninchcns  nacli  liijcktion 
einer  Dose  voii  Hundeseruiii,  die  deii  Tod  innerhalb  weni^er  Minutcn  hcrbcifuhrt, 
gewohidich  sehr  sehnell  in  vitro  gerinnt,  falls  es  iiicht  zu  spiit  entnoniiiu'ii  wird, 
gerinnt  das  Blut,  das  Kaninchen  entnonimen  wird,  die  innerhalb  weniger  Minuten 
nach  Iiijektioii  von  mit  Organsuspension  behandeltem  Serum  ohne  Bildung  von 
Koagida  im  Herzen  starben,  gewohrdich  langsam;  es  begann  aber  schnell  in  Fallen, 
in  denen  sich  nach  Injektion  solchen  Serums  intrakardiale  Koagula  vorfanden. 
In  Tieren,  die  spater  starben,  war  meist  die  Blutgerinnung  in  vitro  verzogert. 

Die  Symptome,  die  sich  nach  der  Injektion  dieses  Serums  entwickelten,  waren 
ahnlich  wie  nach  Injektion  gewohnlichen  Hundeserums;  Schwiiche  und  Kon- 
vulsionen  waren  hiiufig  vor  dem  Tode  vorhanden.  Bei  der  Autopsie  wurden  zuweilen 
makroskopisch  Gerinnsel  in  LungengefiiBen  gefunden. 

In  einem  Versuch,  in  dem  das  Kontrollsenim  in  einer  Dose  von  8,6  ccm  das  Kaninchen  in 
1^4  Minuten  totete,  blieb  ein  Tier  nach  Injektion  von  9V2  ccm  mit  Kaninchenhirn  behandelten 
Senims  am  Leben;  ebenso  nach  Injektion  von  10  ccm  mit  Hundehim  oder  von  12  ccm  mit  Ka- 
ninchenniere  behandelten  Semms. 

Aber  ein  Tier,  das  eine  Injektion  von  15  ccm  mit  Hundehim  behandelten  Serums  erhielt, 
starb  nach  31/2  Minuten,  ohne  daS  sich  Herzthromben  fanden. 

In  einem  andem  Fall,  in  dem  10  ccm  unbehandelten  Serums  in  5  Minuten  toteten,  blieb 
ein  Tier,  das  mit  13  ccm  mit  Hundehim  behandelten  Serums  injiziert  wurde,  am  Leben; 
ein  anderes  Kaninchen  starb  nach  Injektion  von  18  ccm  mit  Kaninclienliiin  behandelten  Serums 
erst  nach  42  Minuten;  18  ccm  mit  Kaninchenleber  behandelten  Serums  wurden  gut  ertragen, 
19  ccm  mit  Hundeleber  behandelten  Serums  toteten  erst  in  1  bis  2  Stunden. 

5.  Injektion  von  H  u  n  d  e  s  e r  u  m  in  i  m  m  u  n  i  s  i  e r  t  e 

Kaninchen. 

Durch  wiederholte  Einspritzung  von  Hundeserum  in  Kaninchen  kann  ihre 
Toleranz  gegen  intravenose  Injektion  von  Hundeserum  sehr  erhoht  werden.  In 
eine  Anzahl  Kaninchen  wurde  alle  3  bis  7  Tage  Hundeserum  intravenos  injiziert 
in  anfangs  sehr  langsam  wachsender  Dose;  spater  wurde  jedesmal  eine  um  3  ccm 
groBere  Dose  injiziert.  Nach  etwas  mehr  als  2  Monaten  konnten  40  ccm  Hunde- 
serum ohne  schadliche  Folgen  injiziert  werden;  also  etwa  die  sechs-  bis  siebenfach 
letale  Dose.  Auf  der  andern  Seite  konnen  natiirlich  (wieder  eine  von  uns  vor  etwa 
4  bis  5  Jahren  beobachtete)  auch  anaphylaktische  Erscheinungen  bei  Kaninchen, 
die  mit  Hundeserum  injiziert  warden,  beobachtet  werden. 

Die  Immunisierung  beruht  aller  Wahrscheinlichkeit  darauf,  daB  in  immuni- 
sierten  Kaninchen  eine  Auflosung  der  Erythrozyten  durch  das  Hundeserum  nicht 
stattfindet. 

II.  Versuche  mit  Rinderserum. 

1.  Injektion  von  Rinderserum  ohne  w^  e  i  t  e  r  e  Z  u  s  a  t  z  e. 

In  der  Beschreibung  dieser  Versuche  konnen  w^ir  uns  viel  kiirzer  fassen,  da  die 
Technik  und  die  Ergebnisse  in  vieler  Hinsicht  den  beim  Hundeserum  geschilderten 
gleichen.     Doch  bestehen  einige  charakteristische  Unterschiede,  und  es  wird  im 


17 

woscntlicluMi  (l.-ir.iuf  niikommcii,  dicsc  licrvorzulichcii.  Die  Syiiiploiiic  iiacli  ln- 
jcktioii  voii  HiiKlcrscniiii  siiid  iin  wcsciitliclKMi  (licsclbcii  wic  ii;h1i  liijckliori  von 
lluiulcscruni:  Scliwiiclic,  Atniuii<,^sl)('S('lil(Mmi^niii^^  bald  iiacli  dcr  l']iiisj)ritzun^';  falls 
dcr  Tod  ill  won i<<(Mi  Minn trn  cintritt,  sclilicBcn  sich  I'nruhc  und  Konvulsioncn  an; 
falls  diT  Tod  vrM  spatcr  ('intritt,  orliolt  sich  das  Tier  ini  Aiifan^odcr  hh  ibt  scliwadior 
imd  spJitiM-  wird  die  Scliwaclio  sclir  ans^osprochcn,  imd  das  Tier  slirbl  nntcr  Kon- 
xiilsioiuMi.  Docli  koniKMi  dicso  auch  ansblcibcn.  Die  Respiration  liort  vor  dor 
llrrzaklion  anf.  Nacli  dcin  Tode  linden  sich  Erweiterunj^  des  rechten  Herzens 
und  hiiufi^  Koaji:ula  in  den  Lnnf^engefiilien;  aber  auch  hier  entslelicii  dieselben 
(die  Koaj^nla)  wahrscheinlich  a^a)nal,  ebenso  wie  beim  llundcserurn;  die  Er^ebnisse 
bei  friihzeitipjer  Autopsie  woisen  darauf  hin.  Ein  nierklicher  Untcrschied  zwischen 
Kinder-  und  llundesernm  besteht  darin,  daB  das  erstere  keine  intrakardiale  Ge- 
rinnuiii^MMi  vernrsacht,  auch  wenn  der  Tod  innerhalb  der  ersten  Minutcn  nach  der 
Injektion  eintritt.  Ebensowenig  finden  sich  Gerinnsel  in  den  groBen  Venen.  isur 
einnial  fand  sich  ein  Serum,  das  sich  hierin  ahnhch  wie  Hundeserum  verhielt; 
aber  hier  lag  offenbar  eine  Anormalitat  vor.  Entsprcchend  fanden  wir  auch  haufiger 
eine  Vcrzogerung  der  Blutgerinnung  in  vitro  als  bei  Hundeserum,  auch  in  den 
Fallen,  in  denen  das  Tier  innerhalb  der  ersten  Minuten  starb.  Doch  wurde  auch 
in  einem  Falle,  in  dem  das  Blut  sehr  friih  in  der  Agonie  entnommen  Avurde,  beob- 
achtet,  daB  die  Gerinnung  beschleunigt  war.  Zahlung  der  Erythrozyten  vor  und 
nach  der  Injektion  ergibt  auch  hier  eine  merkliche  Verminderung  der  Blutkorper- 
chen.  Mikroskopisch  zeigten  die  Lungen  nicht  selten  Hamorrhagien  um  einige 
Aste  der  Pulmonalarterie;  ebenso  wie  auch  zuweilen  etwas  Odem,  das  in  einigen 
Fallen  auch  makroskopisch  feststellbar  war. 

Die  letale  Dose  des  Rinderserums  ist  nicht  sehr  verschieden  von  der  des  Hunde- 
serums,  doch  ist  das  erstere  wohl  um  ein  geringfiigiges  aktiver.  Auch  ist  die  Kurve, 
w^elche  die  Zeit  bis  zum  eintretenden  Tod  als  Funktion  der  Menge  des  eingespritzten 
Serums  darstellt,  ahnlich  wie  beim  Hundeserum.  Rinderserum,  das  4  und  6  Tage 
im  Eisschrank  gehalten  wurde,  hatte  nicht  wesentlich  an  Wirksamkeit  verloren; 
doch  war  in  einem  Falle  nach  8  Tagen  das  Serum  merklich  schwacher  gew^orden. 

Im  ganzen  w^urden  26  Kaninchen  mit  nicht  vorbehandeltem  Rinderserum 
ohne  weiteren  Zusatz  injiziert. 

Einige  Beispiele  fiir  die  letale  Dose  seien  angefiihrt: 

In  einem  Falle  toteten  7  ccm  in  2  Minuten,  10  ccm  in  1  Minute.  Mit  einem  andem  Semm 
nach  Injektion  von  4,9  ccm:  das  Tier  bleibt  am  Leben.  7^4  ccm  toteten  in  6  Minuten.  10  ccm 
in  2  Minuten.  In  einem  andem  Versuch:  5  ccm  toten  in  12  Minuten,  6  ccm  in  4  Minuten.  In 
einem  andem  Falle  toteten  5  ccm  in  8^4  Minuten,  8  ccm  in  4  Minuten. 

Also  Rinderserum  unterscheidet  sich  von  Hundeserum  in  seiner  Wirkung 
auf  Kaninchen  1.  dadurch,  daB  die  letale  Dose  fiir  das  erstere  ein  wemg  geringer 
ist,  2.  daB  es  in  der  Regel  im  Gegensatz  zum  Hundeserum  keine  intrakardialen 
Gerinnungen  bewirkt,  und  3.,  daB  wohl  im  Zusammenhang  mit  dem  zweiten  Punkt 
nach  der  Injektion  die  Gerinnung  des  Kaninchenblutes  in  vitro  in  einer  groBeren 
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Anzahl  von  Fallen  verlangsanit  ist.  In  alien  andern  wesentlichen  Punkten  gleichen 
sich  Kinder-  und  llundeseruin  in  ihrer  Wirkung  auf  Kaninchen;  und  das  weist 
darauf  hlii,  daJJ  der  Tod  in  beiden  Fallen  nieht  in  identischer,  aber  doch  in  ver- 
vvandter  Weise  heibeigefiihrt  wird. 

2.  I  n  j  e  k  t  i  0  n  von  Hirudin  u  n  d  R  i  n  d  e  r  s  e  r  u  m. 

Alles,  was  iiber  die  Dose  und  Art  der  Kinspritzung  bei  deni  Hundeserum 
gesagt  wurde,  gilt  auch  fur  das  Rinderserum. 

Die  Ergebnisse  weichen  aber  im  Falle  des  Rinderserums  nicht  unwesentlich 
von  den  mit  Hundeserum  erhaltenen  ab.  Wahrend,  wie  wir  sahen,  im  Falle  des 
letzteren  Hirudin  eine  deutliche  Wirkung  ausiibt,  indem  es  die  letale  Dose  erhoht 
Oder  die  Zeit  bis  zum  Eintritt  des  Todes  verliingert,  ist  Hirudin  in  Kombination 
mit  Rinderserum  wirkungslos;  kleine  Schwankungen,  die  beobachtet  werden, 
liegen  innerhalb  der  Grenzen  der  natiirlichen  Schwankungen  nach  Injektion  von 
Serum  ohne  Zusatz.  Auch  mit  Hirudin  trat  der  Tod  gewohnlich  nach  Injektion 
von  5  bis  7  ccm  Rinderserum  pro  Kilogramm  Tier  ein.  Nur  in  einem  Falle  hatte 
Hirudin  eine  giinstige  Wirkung,  und  zwar  in  dem  Falle,  in  dem  das  Rinderserum, 
entgegen  dem  gewohnlichen  Verhalten,  intrakardiale  Gerinnung  hervorrief.  Wah- 
rend in  diesem  Falle  die  Kontrolltiere  nach  Injektion  von  7  und  9  ccm  Rinderserum 
in  wenigen  Minuten  starben,  starb  ein  Tier  nach  Zusatz  von  Hirudin  und  Injektion 
von  7  ccm  Serum  erst  nach  einer  Stunde,  und  ein  anderes  Tier  erholte  sich  nach 
Injektion  von  11  ccm.  Aber  in  diesem  Falle  haben  wir  es,  wie  erwahnt,  mit  einem 
ungewohnlichen  Serum  zu  tun. 

Ebenso  wie  die  Tatsache,  daB  nach  Injektion  von  Rinderserum  intrakardiale 
Gerinnungen  ausbleiben,  weist  auch  dieser  w^itere  Refund  die  Wirkung  des  Hirudins 
betreffend  darauf  hin,  daB  im  Gegensatz  zum  Hundeserum  intravaskulare  Blut- 
gerinnungen  im  Falle  des  Rinderserums  flir  die  letale  Wirkung  des  Serums  nicht 
von  wesentlicher  Bedeutung  sind.  Trotzdem  muB  nach  Injektion  von  Rinder- 
serum die  direkte  Todesursache  sehr  ahnlich  sein  der  nach  Injektion  von  Hunde- 
serum beobachteten.  Darauf  weist  die  Ahnlichkeit  der  Symptome  und  Autopsie- 
befunde  in  beiden  Fallen  hin. 

Die  Unters^chung  der  Wirkung  der  beiden  Sera  in  vitro  wird  es  uns  ermog- 
lichen,  eine  diesen  Postulaten  entsprechende  Erklarung  der  Todesart  im  Falle 
der  beiden  Sera  zu  geben. 

Die  Symptome  wurden  diu'ch  die  Beiftigung  oder  vorherige  Injektion  von 
Hirudin  nicht  wesentlich  verandert,  ebensowenig  die  makroskopischen  oder  mikro- 
skopischen  Ergebnisse  der  Autopsie.  In  keinem  Falle  fanden  sich  Koagula  im 
Herzen  und  nur  in  einem  Falle  sichtbare  Thromben  in  den  LungengefaBen.  In 
8  Tieren  fand  sich  kein  Lungenodem,  in  7  Fallen  war  solches  in  geringerem  oder 
starkerem  MaBe  vorhanden.  Auch  die  periarteriellen  Hamorrhagien  waren 
vorhanden. 


19 

EnfspnM'lKMid  (Icii  oft  Ix'triiclilliclKMi  Doson  von  Iliriidiii  blicb  dasBlut  bei  der 
Kntnahnio  nacli  dciii  'WnW  dcs  'Jhtos  gewohnlicli  ciFic  ZcitJarig  flussig;  doch 
I'aiulcii  sick  liicr  bcdilclillichc  Variationon;  in  oincni  J^^dlc  z.  Jl  Ix'gann  di(;  Ge- 
linnung  nach  40  .Mimilcn,  in  cincni  andcrn  Fallo  nach  15  odcr  sogar  nacli  7  Minuten. 
llirrboi  ist  abor  zu  brriicksichligcn,  daLJ  das  iJlut  nieisl  olinc  Kaniih;  auigoiangon 
wurd(\  so  (laB  also  die  Gowobskoagulinc  einvvirkon  konntcn,  fcrncr,  daB  in  den 
GefJiLMMi  llaniolysc  .iiirir.it,  wolclio  die  Gorinnnng  Ix'schlonnigte. 

I!)  KaiiiiichtMi  wurdo  einc  Kombination  von  Hirudin  und  Rinderserum 
iiijiziert. 


3.  K  i  n  f  1  u  1.)  (1  V  s  E  r  w  ii  r  ni  c  n  s  a  u  f  das  Hinders  c  r  u 


in. 


In  5  Kanint'lien  wurdc  Rinderserum  injiziert,  das  wiihrend  einer  halben  Stunde 
auf  b6^  erwilrint  worden  war.  Dieses  Scrum  wurde  in  groBen  Dosen  ohne  schiidliehe 
Wirkung  vortragen.  Also  die  den  Tod  herbeifUhrende  Substanz  wird  auch  hier 
ebenso  ^Yie  beim  Hundeserum  dureh  ein  halbstundiges  Erwiirmen  auf  56^  zerstort. 

7  Kaninclien  wurden  intravenos  mit  Rinderserum  injiziert,  das  2^^  bis  4  Stun- 
<len  bei  38^  im  Thermostat  gehalten  worden  war.  Dieses  Serum  war  gegeniiber 
dem  im  Eisschrank  gehaltenen  nicht  merklich  abgeschwacht.  Letztcres  totete 
z.  B.  in  eineni  Versuch  in  einer  Dose  von  8  ccm  in  4  Minuten,  in  einer  Dose  von 
5  ccm  in  S^o  Minuten,  wahrend  das  auf  38^  erwarmte  Serum  in  einer  Dose  von 
10  ccm  in  3  Minuten  und  in  einer  Dose  von  6  ccm  in  5  Minuten  totete. 

Wo  in  diesen  Fallen  groBere  Mengen  Serum  injiziert  wurden,  starb  das  Tier 
direkt  nach  der  Injektion  mit  Konvulsionen;  in  einem  dieser  Falle  war  das  Ergebnis 
der  Autopsie  negativ,  in  dem  andern  fand  sich  Lungenodem. 

Trat  der  Tod  erst  nach  langerer  Zeit  ein,  so  stellten  sich  1  Minute  nach  der 
Injektion  schnellere  Respiration  und  Schwache  ein;  nach  8  Minuten  erholte  sich 
das  Tier,  um  nach  22  Minuten  wieder  sehr  schwach  zu  werden  und  nach  24  ^linuten 
zu  sterben. 

4.  Injektion  von  Rinderserum,  das  vorher  mit 
Organemulsionen  behandelt  worden  war. 

In  bezug  auf  die  Technik  der  Versuche  gilt  auch  hier  alles,  was  friiher  im  Falle 
des  Hundeserums  gesagt  wurde,  nur  daB  in  diesen  Versuchen  Kaninchenhirn, 
Rinderhirn  und  Rinderniere  benutzt  wurden.  Falls  eine  geniigende  Menge  Ka- 
ninchenhirn (7  bis  15  g  auf  40  ccm  Serum)  benutzt  wurde,  wurde  die  letale  Dose 
des  Rinderserums  merklich,  namlich  etwa  auf  16  bis  20  ccm,  erhoht;  wurde  aber 
cine  kleinere  Menge  Kaninchenhirn  (3,5  g  oder  weniger  auf  40  ccm  Serum  benutzt,) 
so  war  eine  merkliche  Adsorptionswirkung  nicht  vorhanden. 

In  diesen  Versuchen  wirkte  nun  das  Rinderhirn  deutlich  schwacher  adsor- 
bierend  als  das  Kaninchenhirn,  nach  Injektion  von  8  bis  17  ccm  von  mit  Rinderhirn 
behandeltem  Serum  starben  die  Kaninchen  in  1  bis  3  Minuten.  Wie  im  Falle  des 
Hundeserums  hatte  die  Injektion  solchen  (adsorbierten)  Serums  zur  Folge,  daB 

9* 
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das  Blut  des  injizierten  Kaninchens  in  der  groBeii  Mehrzahl  der  Versuche  nach 
der  Entnahme  laiigsamer  koagulierte  als  in  Versuchen  mit  unbeliandeltem  Rinder- 
seruni.  Uber  die  moglichen  Ursaehen  I'ur  diesen  Befund  gilt  das  beiin  Hundeseruni 
Gesagte.  Diese  gerinnunghernniende  Wirkung  war  aiich  in  solchen  Fallen  vor- 
handen,  in  denen  das  Tier  am  Leben  blieb.  In  einem  Falle  jedoch  war  eine  Gc- 
rinnungsniogliehkeit  in  vitro  nicht  vorhanden. 

Merkwiirdigerweise  fanden  sich  in  einigen  Fallen,  in  denen  Rinderserum  nach 
Vorbehandlung  mit  Rinderhirn  den  Tod  herbeifuhrte,  Blutkoagula  im  rechten 
Herzen.  Wie  weit  hierfUr  die  Behandlung  mit  Rinderhirn  verantwortlich  zu 
machen  ist,  mtiBte  durch  weitere  Versuche  entsehieden  werden.  Im  iibrigen  waren 
Symptome  und  Autopsiebefunde  nach  Injektion  solchen  Serums  dieselben  wie  nach 
Injektion  von  nicht  vorbehandeltem  Rinderserum. 

18  Kaninchen  wurden  mit  solchem  Serum  injiziert. 

III.  Versuche  in  vitro. 

Um  weitere  Aufschltisse  liber  die  Wirkungsart  des  Hunde-  und  Rinderserums 
auf  Kaninchenblut  zu  erhalten,  war  es  notig,  die  Ein wirkung  der  Sera  auf  das 
Kaninchenblut  in  vitro  zu  priifen  und  mit  ihrer  Wirkung  nach  intravenoser  In- 
jektion in  das  lebende  Tier  zu  vergleichen. 

Es  war  nun  nicht  moglich,  die  Verhaltnisse  in  vitro  denen  in  vivo  ganz  ent- 
sprechend  zu  gestalten.  Dazu  ware  es  notig  gewesen,  unverandertes  Blut  in  vitro 
zu  benutzen.  Das  ist  naturlich  nicht  moglich.  AuBerdem  ist  zu  beriicksichtigen, 
daB  nach  Injektion  von  artfremdem  Serum  in  vivo  Reaktionen  stattfinden,  die 
sich  in  dem  Auftreten  der  sogenannten  negativen  Gerinnungsphase  ^)  auBern  und 
die  natilrlich  bei  Versuchen  in  vitro  wegfallen.  Am  besten  schien  es  zu  sein,  die 
Gerinnung  des  Blutes  durch  ultravenose  Injektion  einer  geeigneten  Quantitat 
von  Hirudin  in  das  Kaninchen  zu  hemmen  und  dann  dieses  Blut  durch  eine  Kaniile 
zu  entziehen  und  in  seinem  Verhalten  gegeniiber  verschiedenen  Quantitaten  von 
Hunde-  und  Rinderserum  zu  priifen.  Hierbei  w^ar  es  notig,  einen  tJberschuB  von 
Hirudin,  der  das  Blut  vollig  ungerinnbar  gemacht  haben  wiirde,  zu  vermeiden. 
Dieses  Verfahren  erlaubte  uns  nicht  nur,  den  EinfluB  des  Serums  auf  Hamolyse 
und  Agglutination  der  Erythrozyten,  sondern  auch  auf  die  Gerinnung  des  Plasmas 
zu  priifen.  Sodann  wurde  auch  gesondert  an  Stelle  von  Hirudinblut  defibriniertes 
Blut  des  Kaninchens  benutzt.  Jeweilen  wHirden  Parallelversuche  mit  Hunde-  und 
Rinderserum  angestellt,  auch  wurde  der  EinfluB  der  Warme  auf  das  Hunde-  und 
Rinderserum  in  vitro  untersucht. 

Es  w^urden  5  solcher  Versuchsreihen  in  vitro  angestellt.  Zu  1  ccm  Kaninchen- 
blut +  Hirudin  oder  zu  1  ccm  defibrinierten  Kaninchenblutes  W' urden  absteigende 
Mengen  Serum  (von  1  ccm  bis  0,1  ccm)  zugesetzt  und  die  folgende  Hamolyse, 
Agglutination  und  Koagulation  beobachtet. 

1)  Vgl.  iiber  die  Vorgiinge  bei  der  Blutgerinniing  die  zusammenhangende  Darstellung  von 
Leo  Loeb  im  Biochemischen  Zentralblatt  Bd.  VI,  1907. 
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Die  Er^obnisso  waicn  w'w  tol«(t :  l\  i  ii  d  e  r  s  c  r  u  in  a^'^dutiniert  die  Erythro- 
zyt(Mi  (Ics  Kaninchons  vicl  sUlrkcr  als  Hundosonirn.  JJio  Elockon  dor  aggluti- 
niortcn  Bliitk()r])(M('li(Mi  wrrdcri  bald  solir  umfangroich  und  sinkcn  zu  Boden.  Um 
dioso  am  l^odcii  lio<,nMid(»  Masse  a^^dutiiiiorter  Erylhrozytc!!  bo^nniil  die  Koa^ulalion 
des  Plasmas;  von  liicr  breilct  sicli  die  Koa^nlalion  in  die  uberstehende  Flussij^keit 
ans.  Die  Jliimolyse  kann  l)ei  Zufii<i:en  von  Rinderserum  ebenso  stark  sein  wie  mit 
Hundeserum;  d'lv  I\oa<,nda1ion  kann  so^ar  starker  sein.  Mit  abnehmenden  Menken 
von  Kinderserum  nimmt  die  llamolyse  und  Ag^hitination  al);  bis  zu  einer  gewissen 
o])timalen  Seninnnenij^e  kann  zuweilen  die  Blutkoagulation  sogar  zunehmen,  um 
dann  bei  weiterer  Abnahme  des  Rinderserums  wieder  geringer  zu  werden.  ]iin 
lialbstiindiges  Erwiirmcn  des  Serums  auf  56^  vermindert  die  Agghitination  auCcr- 
ordentlieli,  olme  sie  aber  vollstiindig  aufzuheben.  Ein  solches  Rinderserum  ver- 
ursaelit  weniger  Agglutination  als  ein  normales  oder  auf  56^  crwiirmtes  Hunde- 
serum. Die  Hamolyse  und  Blutkoagulation  wird  durch  Zusatz  von  auf  56^ 
erwiirmtem  Rinderserum  iiicht  hervorgerufen  (bzw.  beschleunigt).  2i^-  bis  3- 
stiindiges  Verweilen  des  Serums  bei  38^  schwachte  die  agglutinierende  und  hamo- 
ly tische  Ivi'aft  des  Rinderserums  in  geringem  MaBe ;  doch  bleibt  auch  unter  solchen 
Umstanden  die  Agglutination  noch  stark.  Fiigt  man  in  vitro  noch  mehr  Hirudin 
hinzu,  so  bleibt  die  Agglutination  unverandert,  aber  die  Koagulation  wird  auf- 
gehoben, 

Hundeserum  bewirkt  geringe  Agglutination,  die  nach  Erwarmen  auf 
56^  bestehen  bleibt.  Dasselbe  bewirkt  kraftige  Hamolyse  und  Koagulation  des 
Plasmas.  Letztere  beginnt  an  verschiedenen  Stellen  entlang  der  Wand  des  Reagenz- 
glases  und  erstreckt  sich  bald  diffus  iiber  das  ganze  Blut.  Die  kleinen  aggluti- 
nierten  Floeken  werden  auch  hamolysiert.  Erwarmen  auf  56^  hebt  die  Hamolyse 
und  Koagulation  auf.  Mehrstiindiges  Stehen  bei  38^  im  Thermostat  schadigt  die 
Hamolyse  und  Koagulation  ein  wenig;  insbesondere  die  Hamolyse.  Die  Ein- 
wirkung  suspendierter  Organstiicke  verringert  durch  Adsorption  die  hamolytische 
Ki'aft  des  Hundeserums.  Am  giinstigsten  wirkte  hierbei  das  Gehirn,  und  zwar 
erwies  sich  in  einigen  Versuchen  das  Kaninchenhirn  starker  wirksam  als  Hunde- 
hirn.     Die  Leber  war  schwacher  in  ihrer  Wirkung. 

Wir  sehen  also,  daB  das  Rinderserum  vor  allem  ein  agglutinierend  wirkendes 
Serum  ist,  daB  es  viel  starker  agglutinierend  wirkt  als  das  Hundserum.  Letzteres 
ist  stark  hamolytisch  wirksam.  Diese  beiden  Wirkungen  —  die  Agglutination 
im  Falle  des  Rinderserums,  die  Hamolyse  im  Falle  des  Hundeserums  —  bleiben 
aus  oder  fast  aus  (letzteres  im  Falle  der  Agglutination  durch  Rinderserum)  nach 
Erwarmen  auf  56^.  Ebenso  wie  hiernach  bei  intravenoser  Injektion  das  Serum 
aufhort,  gchadlich  zu  sein.  In  bezug  auf  Blutgerinnung  wirken  in  beiden  Fallen 
vor  allem  die  Stromata  der  Erythrozyten  koagulierend.  Im  Falle  des  Rinder- 
serums sind  die  Stromata  agglutiniert  und  bilden  bald  einen  groBen  Haufen,  um 
den  dann  die  Koagulation  beginnt.  Es  handelt  sich  hier  also  infolge  der  agglutina- 
tiven  Prozesse,  die  vorhergehen,  um  lokale  Gerinnungsvorgange,    die   sich   erst 
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sckundar  in  die  uberstehende  Fliissigkeit  ausbreiten,  welch  letztere  iiur  niehr  eino 
relativ  geringe  Zahl  von  Stroniata  enthalten  kann.  Im  Falle  des  HundeKcrums 
sind  die  Stromata  in  sehr  kleinen  Haufen  in  dem  ganzen  Plasma  suspendiert,  und 
deshalb  ist  hier  die  Blutgerinnung  diffus.  Hirudin  hat  nur  einen  EinfluB  auf 
Koagulation,  aber  nicht  auf  agglutinative  Prozesse.  AuCer  den  Stromata  der 
ladierten  Erythrozyten  kommen  noch  in  dem  Serum  vorhandene,  direkt  gerinnung- 
wirkende  Substanzen  in  Betracht  ^).  Diese  sind  nun,  soweit  Hirnblut  in  Betracht 
kommt,  viel  wirksamer  im  Rinderserum  als  im  Hundeserum.  Diese  Substanzen, 
die  direkt  gerinnungbeschleunigend  wirken,  mogen  zur  Ausbreitung  der  Gerinnung 
im  Kaninehenblut  nach  Zusatz  von  Rinderserum  beitragen.  Es  diirfte  wohl  nicht 
notwendig  sein,  die  ausgedehnten  Versuche  im  einzelnen  anzufiihren;  es  sei  nur 
bemerkt,  daB  zur  Gerinnung  des  Hirudinblutes  50  bis  70  mg  Hirudin  intravenos 
in  ein  Kaninchen  injiziert  wurden. 

Zusammenfassung  und  SchluBfolgerungen. 

Auf  Grund  der  hier  mitgeteilten  Versuche  ist  es  nun  moglich,  die  Wirkungs- 
weise  des  Hunde  -und  Rinderserums  nach  intravenoser  Injektion  in  das  Kaninchen 
zu  verstehen  und  die  letale  Wirkung  derselben  zu  erklaren.  Alle  diese  auf  ver- 
schiedenem  Wege  erhaltenen  Resultate  lassen  sich  in  einheitlicher  und  wider- 
spruchsloser  Weise  zusammenfassen. 

Das  Hundeserum  bewirkt  nach  der  Injektion  in  dem  Kaninehenblut  betracht- 
liche  Hamolyse.  Hierdurch  werden  in  dem  ganzen  Blut  verteilte  gerinnung- 
erregende  Substanzen  frei,  die  an  die  Stromata  der  Erythrozyten  gebunden  sind. 
Diese  letzteren  agglutinieren  nur  in  geringfligiger  Weise;  sie  bleiben  daher  uber 
das  ganze  Blut  verteilt.  Die  agglutinierten  Massen  sind  nicht  groB  genug,  um  die 
kleineren  Lungenarterien  zu  verstopfen,  und  sie  dtirften  daher  die  Lungenzirkulation 
nicht  ernstlich  erschweren.  Wohl  aber  bewirken  die  Stromata  die  Bildung  kleiner 
Fibringerinnsel  in  dem  zirkulierenden  Blute.  Diese  Gerinnsel  werden  in  die  Lungen- 
gefaBe  gefiihrt  und  versperren  hier  die  kleinen  Aste  der  Lungenarterien  und  die 
Kapillaren  und  ftihren  so  den  Tod  unter  Erstickungserscheinungen  (Dyspnoe, 
Konvulsionen)  herbei.  Infolge  dieser  Widerstande  im  Lungenkreislauf  findet  eine 
Verlangsamung  des  Blutstroms  im  rechten  Herzen  und  in  den  Korpervenen  statt, 
und  infolge  davon  ist  das  Blut  in  diesen  Bezirken  ein  gunstiges  Substrat  fiir  die  im 
Blut  verteilten  gerinnungsbeschleunigenden  Substanzen;  in  der  Agonie  linden 
daher,  falls  selir  ^del  gerinnungbeschleunigende,  aus  den  Stromata  der  Erythro- 
zyten stammende  Substanzen  im  Blute  vorhanden  sind,  was  der  Fall  sein  wird, 
wenn  relativ  groBere  Serummengen  injiziert  wurden,  zuerst  Gerinnungen  im  rechten 
Herzen,  w^iterhin  in  den  groBen  Korpervenen  und  in  den  ausgesprochenstfen  Fallen 
auch  im  linken  Herzen  statt.  Ferner  schreitet  w^ahrend  der  Agonie  die  Gerinnung 
von  den  kleinen  Asten  der  Lungenarterie  auf  gToBere  LungengefaBe  fort,  und  so 

^)  Hieruber  sollen  an  anderer  Stelle  ausfiihrlichere  Mitteilungen  gemacht  werden. 
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worden  waliroiid  dor  A«;onie  Tlirombcii  in  den  ^oCon  Lym|)}i^('faBen  sichlbar.  Die 
Erschworuiii,^  der  J.un^enzirkulation  kanri  zu  mclir  odcr  weniger  betrachtlichem 
Odem,  uiul  in  N'orhirulurifi:  mil  dyspnoischen  Atembewef^ungen  zu  periarteriellen 
Haniorrliai!;i(Mi  i'iihreii.  Waiirscheiidich  ist  die  Dyspnoea  alleiri  liierzu  schon  geriii- 
i^end.  Ob  die  vcMscliiedene  V^Tteilung  von  Kohlensaure  \nid  SauerHlolT  im  arteriellen 
iind  veiiosen  Hint  I'iir  die  groBere  JAMchtigkeit  der  Geriiinung  in  dem  venosen 
Zirkulationsgebiet  ebenfnlls  ifi  Betracht  kommt,  mag  daliiiigestellt  bleiben.  Es 
ist  nicht  innvalirseheinlieli,  daB  die  hiiufig  in  den  ersten  zwei  Minuten  nach 
der  Injektion  eintretende  primilre  Schwache  und  Kespirationsbeschleunigung 
auf  Beeinliussung  von  Nervenzentren  abhangt.  Hiervon  konnen  sich  aber  die 
Tiere  erhokMi. 

Wii'd  nun  Hirudin  in  geniigender  Menge  eingefiihrt,  so  wird  hier  auch  die 
Bildung  der  Gerinnsel  verringert.  Ob  das  Hirudin  auch  erweiternd  auf  die  kleineren 
Lungenarterien  wirkt,  muB  dahingestellt  bk^ben.  So  wird  durch  Hirudin  die  Ver- 
stopfung  der  kleinen  Pulmonalarterienaste  bedeutend  verringert,  oder  falls  nur 
kleine  Serummengen  injiziert  worden  waren,  fast  ganz  aufgehoben,  Aber  die 
Wirkung  des  Hirudins  kann  nur  eine  beschi*ankte  sein,  da  das  Hirudin  groBe  Mengen 
gerinnungbeschleunigender  Substanz  in  vivo  nicht  neutralisieren  kann;  ferner 
findet  in  vivo  bald  eine  Beseitigung  von  Hirudin  statt.  Doch  gentigen  die  Hirudin - 
mengen  immer,  um  die  Koagulation  in  dem  Herzen  und  in  den  groBen  Venen 
aufzuheben.  Es  ist  nun  auch  moglich,  daB,  wenn  groBere  Mengen  Serum  mit 
Hirudin  injiziert  werden,  die  Tiere  infolge  der  betrachtlichen  Hamolyse  oder  infolge 
der  Wirkung  des  Serums  auf  das  vasomotorische  Zentrum  und  auf  die  respiratori- 
schen  Zentren  sterben ;  doch  liegen  f iir  eine  solche  Annahme  keine  direkten  Beweise 
vor.  Wird  nun  das  Hundeserum  auf  56^  eine  halbe  Stunde  erwarmt,  so  wird  die 
hamolytische  und  Koagulation  bewirkende  Kraft  des  Serums  aufgehoben,  und 
infolgedessen  wird  das  letztere  unschadHch.  Durch  langeres  Stehen  bei  38°  wird 
die  hamolytische  Kraft  geschwacht  und  dadurch  die  letale  Dose  erhoht. 

Durch  Adsorption  mit  Organsuspensionen  wird  ein  Teil  der  hamolytisch 
wirkenden  Substanzen  entzogen,  dafiir  treten  aber  vielleicht  andere  Substanzen 
aus  den  Geweben  in  das  Serum  iiber  und  verandern  das  Serum,  so  daB  jetzt  nach 
der  Injektion  des  Serums  das  dem  Tiere  entnommene  Blut  haufig  langsamer  in 
vitro  gerinnt. 

Infolge  der  wiederholten  Injektion  von  Hundeserum  bilden  sich  in  dem  Kanin- 
chen  antihamolytisch  wirkende  Substanzen;  die  Bildung  von  Gerinnseln  wird 
daher  in  solchen  Tieren  erschwert,  und  dieselben  konnen  groBe  Dosen  von  Hunde- 
serum intravenos  ertragen.  Es  soil  jedoch  das  Blut  solcher  immunisierter  Tiere 
uoch  weiterhin  auf  sein  Verhalten  gegeniiber  hamolytisch  wirkenden  und  ge- 
rinnungbeschleunigenden  Substanzen  gepriift  warden,  und  die  hier  gegebene  Er- 
klarung  kann  nur  als  eine  vorlaufige  betrachtet  werden,  soweit  sie  sich  auf  die 
Widerstandsfiihigkeit  solcher  immunisierter  Tiere  gegen  Injektion  von  groBeren 
Mengen  von  Serum  bezieht. 


24 

Das  K  i  11  d  f  r  s  e  i  u  m  bt'wirkt  nach  seiner  Injektiou  in  ilem  lilule  des 
Kanincliens  eine  betraelitliclie  At^^lulination  der  Erythrozyten.  Diese  aggluti- 
nierten  Massen  werden  in  die  Lungengefalie  getiihit  und  bewirken  hier  bald  eine 
Verstopfung  einer  groBen  Zahl  der  kleineren  Aste  der  l*ulnionalarterie  und  fiihren 
so  zuni  Tod  unter  Erstiekungserscheinungen,  Ervveiterung  des  rechten  Herzens. 
In  diesem  Falle  sind  aber  die  gerinnungbevvirkenden  Stromata  nieht  diffus  in  dem 
zirkulierenden  Blut  und  den  Venen  verteilt,  sondern  sie  agglutinieren  sehr  schnell 
zu  groiieren  Haufen  und  bleiben  in  den  LungengefaBen  stecken.  Hier  findet  deshalb 
keine  Massengerinnung  des  Blutes  ini  rechten  Herzen  und  in  den  Venen  statt. 
Wolil  aber  biiden  sich  lokal  Gerinnsel  uni  die  agglutinierten  Haufen  von  Erythro- 
zyten, die  in  den  LungengelaBen  stecken;  so  kann  sich  dann  agonal  oder  in  andern 
Fallen  vielleicht  auch  schon  vorher  die  Bildung  groBerer  Lungenthroniben  sekundiir 
an  die  Verstopfung  der  Lungengefiilie  durch  agglutinierte  Zellhaufen  anschlieBen. 
Falls  der  Tod  nicht  in  den  ersten  Minuten  eintritt,  mogen  dann  hier  sowohl  wie  nach 
Injektion  des  Hundeserums  in  gewissen  Organen  des  Kaninchens  sekundare  Re- 
aktionen  eintreten,  die  die  Blutgerinnung  erschweren  und  die  Massenkoagulation 
des  Blutes  im  rechten  Herzen  und  in  den  groBen  Venen  verhindern.  Einspritzung 
des  Hirudins  ist  ohne  wesentliche  Wirkung  ini  Falle  des  Rinderserums,  da  Hirudin 
die  Agglutination  der  Erythrozyten  nicht  verringert.  Nach  Injektion  des  Hirudins 
wird  daher  ebensowohl  wie  vorher  eine  Verstopfung  der  LungengefiiBe  durch 
agglutinierte  Zellmassen  stattfinden.  Erwiirmen  des  Rinderserums  auf  56^  wahrend 
einer  halben  Stunde  verringert  die  agglutinierende  Wirkung  des  Serums  so  bedeutend, 
daB  dasselbe  nicht  mehr  imstande  ist,  eine  Verstopfung  der  LungengefaBe  herbei- 
zufiihren;  es  wird  daher  anstandslos  ertragen.  Hingegen  ist  ein  mehrstundiges 
Stehen  bei  38^  nicht  imstande,  die  agglutinierende  Wiikung  des  Serums  so  weit 
herabzusetzen,  daB  der  Tod  dadurch  hintangehalten  wird. 

Durch  Adsorption  der  agglutinierenden  Substanz  durch  gewisse  Organsuspen- 
sionen  wird  ebenfalls  die  letale  Dose  des  Rinderserums  erhoht. 

Falls  der  Tod  nicht  direkt  im  AnschluB  an  die  Injektion,  sondern  erst  etwas 
spater  eintritt,  mogen  vielleicht  auch  hier  neben  der  Agglutination  der  Erythro- 
zyten in  gewissen  Fallen  eine  bedeutende  Zerstorung  der  Erythrozyten  oder  zen- 
trale  Wirkung  auf  das  Nervensystem  den  letalen  Ausgang  herbeiftihren. 

Zusammenfassend  konnen  wir  also  feststellen,  daB 
im  wesent lichen  nach  intravenoser  Injektion  von  art- 
f  r  e  m  d  e  m  Serum  der  Tod  e  n  t  w  e  d  e  r  durch  Verstopfung 
der  LungengefaBe  durch  Fibrinpfropfe  oder  durch  Haufen 
von  agglutinierten  Erythrozyten  stattfindet  und  daB 
H  u  n  d  e  s  e  r  u  m  und  R  i  n  d  e  r  s  e  r  u  m  z  w  e  i  v  e  r  s  c  h  i  e  d  e  n  e  T  y  p  e  n 
reprasentieren:  das  Hundeserum  ist  der  Typus  eines 
hamolysierend  und  koagulierend  wirkenden,  das  Rinder- 
serum  ist  der  Typus  eines  agglutinierenden  Serums. 
Hiermit  soil  nicht  gesagt  sein,  daB  die  betreffenden  Eigenschaften  auf  das  eine 
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Oder  amloiT  Scniiii  hrscliriinkt  sind,  sondorn  diose  Ahj^iTiizung  soil  die  charak- 
1(Mislis('ho  Wirkuiii;  dcr  Ix'idni  Sora  ziim  Ausdruck  })riii<r('ri,  diojcnigo  Wirkungi 
(liinli  wclcho  sic  (h'li  Tod  dor  Tiorc  horbeifiilircn. 

Die  Natur  dcs  i'roblonis  hrin^^t  os  mit  sieh,  dal.)  die  licwcisfiihruiig  cine  iii- 
(lirckto  soil!  niul.)t('.  AIxm-  diirch  Unlorsuchung  des  l^lulscruins  andcrcr  Ticre  nach 
(l.Mi  hior  kMiulztcii  M(>tliod(Mi  wird  oinc  Prufung  der  hier  gi^woiuicncn  Ergobiiisse 
iii()gli('li  soin. 

Zuni  Sfhluss(>  iiKiov  iioch  darauf  hingcwieson  wordon,  dal)  die  liicr  crhobcncn 
Befunde  audi  b(>i  dvv  Krlvliirung  des  Todes  uaeh  Injcklioii  arlfremder  Erythro- 
zyten  von  Interesse  sein  mogen.  Ob  sie  gewissc  Widerspruche,  die  sieh  bei  derarti- 
gen  Untersiu'hungen  bisher  ergeben  liabeii,  werdeii  aufkliiren  konnen,  kann  erst 
(lurch  besondere  Versuche  entschieden  werden  i).  Vielleicht  mUssen  auch  hier 
Kombinatioueu  uutersehieden  werden,  in  denen  die  wesenlliche  Wirkung  in  Hamo- 
lyse  der  eingefuhrten  Erythrozyten  und  in  Koagulation  besteht,  und  andererseits 
Kombiuationen,  in  denen  die  Agglutination  der  fremden  Erythrozyten  vor  allem 
ill  Betracht  koninit. 

1)  Vgl.  Arthur  F.  Coca,  Die  Ursache  des  plotzlichen  Todes  bei  intravenoser  Injektion 
arth-erader  Blutkorper.  Virch.  Arch.  Bd.  196  1909  S.  92.  Diese  Arbeit  erschien  zu  einer 
Zeit,  da  ein  groBer  Teil  unserer  Versuche  schon  ausgefiihrt  war. 
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Nnchd'nick  vcrboten. 
[Alls  doin  Rockefoller  Institute  for  Medical  Researcli,  Now  York.] 

Weitere  Erraliriiiii»eii  mit  Terciiifaclit(»r  Mctliode  dcr 
Serumdia^iiose  der  Syphilis. 

Von  Hideyo  Noguchi. 
(Eingegangen  bei  der  lledaktion  am  9.  Juni  1910.) 

I.  Bemerkungen  zur  Technik. 

Schon  bald  nach  der  Veroffentlichung  meiner  Methode 
der  Serumdiagnose  der  Syphilis  ^)  mit  Hilfe  des  antimensch- 
lichen  hamolytischen  Systems  wurden  in  den  Einzelheiten  der 
Technik  einige  Verbesserungen  vorgenommen,  und  die  Be- 
schreibung  der  seit  Februar  1909  von  mir  angewandten  Me- 
thode soil  hier  in  Kiirze  gegeben  werden. 

Komplement.  Zur  Verwendung  gelangt  frisches  Meer- 
schweinchenserum  in  Starke  von  zwei  Einheiten^),  ge- 
wohnlich  0,1  ccm  eines  auf  40  Volumprozent  verdiinnten 
Serums  fiir  jedes  Rohrchen.  Entsprechend  der  Aktivitat  einer 
gegebenen  Probe  von  komplementhaltigem  Serum  kann  man 
dieses  Quantum  etwas  vermehren  oder  vermindern,  vorherige 
Titration  ist  jedoch  notig'').  Am  vorteilhaftesten  bedient  man 
sich  des  Serums,  nachdem  es  iiber  Nacht  rnit  dem  eisgekiihlten 
Gerinnsel  in  Beriihrung  geblieben  war,  auch  ist  es  zweck- 
miiBig,  eine  Mischung  von  mehr  als  zwei  verschiedenen  Sera 
zu  verwenden. 


1)  Noguchi,  Miinch.  med.  Wochenschr.,  Bd.  55,  1909,  p.  494.  — 
Joiirn.  of  Exper.  Medicine,  Vol.  11,  1909,  p.  392.  —  Die  technische  Beschrei- 
bung  der  Methode  fiir  praktische  Verarbeitung  siehe:  Serum  Diagnosis  of 
Syphilis.    Philadelphia  und  London  (Lippincott  &  Co.)  1910. 

2)  0,1  ccm  eines  auf  20  Volumprozent  verdiinnten  frischen  Meer- 
schweinchenserums  als  einer  Komplementeinheit  gegen  1  ccm  einer  1-proz. 
Suspension  gewaschener  Menschenerythrocyten. 

3)  Man  darf  nicht  eui  allzu  schwaches  Serum  verwenden,  well  solch 
ein  Serum  fiir  Biudungsversuche  ungemein  unempfindlich  sein  kann.  Ueber 
Griindo   hiorfiir   sichc   mcinc   demniichst  erschcinenden  Verofl'entlichungen. 
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Man  eihalt  so  g I e i c h t o r m i g e r e  K e s u  1 1 a t e ,  deiin  eg 
koinuien  gelegentlich  Meerschweinchensera  zur  Verwendung, 
welche,  obschon  frisch  unci  in  uormaler  Weise  den  Anibo- 
zeptor  reaktivierend,  dennoch  in  Hinsicht  ihrer  Fixationsfahig- 
keit  sich  ungleich  verhalten.  Z.  B.  konnen  sie  so  hocligradig 
refraktar  sein,  dafi  auch  mit  einem  unzweifelhaft  positiv 
syphilitischen  Serum  eine  zu  Trugschlussen  fuhrende  nega- 
tive Reaktion  erhalten  werden  kann,  wenn  dies  nicht  be- 
achtet  wird. 

Die  Verwendung  von  Komplement  in  trockenem  Zustand 
bietet  keine  besonderen  Vorteile,  die  Technik  der  Herstellung 
ist  schwierig,  das  Verfahren  somit  nicht  fiir  allgenieine  Ver- 
wendung zu  empfehlen.  Man  vergesse  aber  nicht,  daC  dies 
sehr  wohl  mogUch  ist,  wie  ich  dies  eingehend  experinientell 
nachgewiesen  habe. 

Ambozeptor.  Man  benutzt  Serum  von  Kaninchen  ^), 
die  zuvor  ausreichend  durch  mehrfache  successive  Injektionen 
gewaschener  menschlicher  Erythrocyten -)  immunisiert  wurden. 
Dieses  Serum  muB  vor  dem  Gebrauch  inaktiviert  werden.  Im 
Gebrauche  wird  von  einigen  die  fiiissige  Form  bevorzugt, 
von  anderen  der  getrocknete  Zustand.  Im  letzteren  Falle 
imprilgniert  man  zweckmafiig  passendes  feines  Filtrierpapier 
mit  dem  Serum  und  laBt  dies  antrocknen.  Die  Titration  dieses 
trockenen  Ambozeptorpapiers  laBt  sich  mit  derselben  Leichtig- 
keit  und  Prazision  bewerkstelligen,  wie  die  der  fliissigeu  Form. 
Das  Papier  hat  manche  Vorziige.  Es  ist  gegen  Verunreini- 
gungen  mit  Bakterien  geschiitzt,  behalt  die  Aktivitat  des 
Ambozeptors  viel  langer  als  die  fliissige  Form  und  kann  ohne 
merkliche  Schwachung  seiner  Aktivitat  auf  weite  Entfernungen 
und  nach  alien  Klimaten  hin  versandt  werden,  auch  ist  es 
nicht  notig,  es  im  Kiihlschrank  aufzubew^ahren.  Jeder  weiB, 
daB  die  tiussige  Form  des  Praparates  eine  solche  Behandlung, 
selbst  nur  einige  Tage  lang,  nicht  vertragen  wiirde.    Bei  der 


1)  N  og u  c h i .  On  non-fixation  of  Complement.  Proc.  Soc.  Exper.  Biol, 
and  Med.,  Vol.  7,  1909,  No.  14. 

2)  Noguchi,  The  fate  of  so-called  syphilis  antibody  in  the  specific 
precipitation  reaction.  Proc.  Soc.  Exper.  Biol,  and  Med.,  Vol.  7,  1909, 
No.  16. 
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Ausfiihrung    der    Roiiktioii    verwciidet    man    z  w  e  i    Aiiibo- 
z  e  p  1 0  r  e  i  11  li  e  i  t  e  n  ^). 

licdieiit  man  sicli  dav  Amboze])torHussigkeit,  so  wiililt 
man  am  beston  die  Verdiinnung  so,  dalJ  zwoi  Einhciten  in 
0,1  ccm  entlialtcn  sind;  l)eim  Gcbrauch  dcs  Pai)iers  empfiolilt 
es  sicli,  die  zwei  Einlieitcn  auf  einer  Fliidie  zu  haben,  die 
einen  5—10  mm  laiigen  Abschnitt  eines  etwa  5  mm  breiten 
Papierstreifens  ausmacht. 

Bliitkorperchen-Su sponsion.  1  ccm  einer  1-proz. 
Snspension  gewaschener  menschlicher  Blutkorperclien  wird  fiir 
jedes  Rohrchcn  gebraucht,  das  Blut  kann  irgendeinem  nicht- 
syphilitisclien  Individuum  entnommen  werden.  Auch  konnen 
die  nativen  Erythrocyten  eines  jeden  zu  unter- 
suchenden  Blutes  benutzt  werden 2).  Fiir  das  Arbeiten 
im  grofien  gewinnt  man  die  Blutkorperchen  dadurch, 
dafi  man  defibriniertes  oder  mit  2-proz.  Natriumcitrat- 
losung  zu  gleichen  Teilen  versetztes  Blut  (oder  auch  eine 
schwache  Emulsion  von  Blut  in  isotonischer  Kochsalzlosung) 
mit  einer  0,9-proz.  Kochsalzlosung  einigemal  zentrifugiert  und 
so  das  Serum  ausvvascht.  Nach  Dekantieren  der  iiberstehenden 
Flussigkeit  muC  man  erst  die  abgesetzten  Erythrocyten  wieder, 
entsprechend  dem  ursprunglichen  Volumen  des  Blutes,  in 
isotonischer  Kochsalzlosung  suspendieren ,  dann  aus  dieser 
konzentrierten  Suspension  endlich  eine  Suspension  in  Koch- 
salzlosung im  Verhaltnis  von  1  Volumprozent  herstellen.  1  ccm 
Blut  reicht  so  zur  1-proz.  Suspension  fiir  50  Doppelsatz- 
reaktionen  (100  Rohrchen)  aus.  Es  ist  anzuraten,  immer  nur 
Erythrocyten  zu  verwenden,  die  nicht  langer  als  48  Stunden 
auf  Eis  konserviert  waren. 


1)  Titriert  mit  0,1  ccm  eines  auf  20  Volumprozent  verdiinnten  frischen 
Meerschweinchenserums  als  Ausdnick  einer  Komplementcinheit  gegen  1  ccm 
einer  1-proz.  Suspension  gewaschener  menschUcher  Erythrocyten. 

2)  Die  Blutentnahmerohre,  in  der  das  Blut  geronnen  ist,  wird  nun 
zerbrochen.  Das  Gerinnsel  wu-d  mit  einer  Kapillarpipette  durchgeriihrt, 
bis  soviel  Blutkorperchen  im  Serum  suspendiert  sind,  daB  ungefahr  eine 
1-proz.  Emulsion  entsteht,  wenn  em  Tropfen  des  Serums  mit  1  ccm  physio- 
logischcr  Kochsalzlosung  verdiinnt  wird.  Dies  ist  natiirlich  nur  bei  ganz 
frisch  entnommenen,  jedenfalls  nicht  iiber  24  Stunden  altcn  Proben  an- 
weudbar. 

1* 
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Das  Serum  des  Patienten.  Dies  kariii  man  bei 
meiner  Methode  auf  zvvei  verschiedeiie  VVeisen  verwenden, 
uamlich  entvveder  nach  Inaktivieruug  durch  Erwarmen  oder 
obue  diese  MaUregel  in  frischem  Zustande.  Aktive  sowohl, 
wie  inaktivierte  Sera  geben  bei  ricbtiger  Verwendung  gleicb 
gute  Resultate.  Will  man  jedoch  mit  aktiven  Sera  verliiBHcb 
arbeiteu,  so  ist  es  wesentlich,  ein  nach  meiner  Methode  prii- 
pariertes  Antigen  zu  verwenden,  d.  h.  den  in  Aceton  unlos- 
lichen  Anteil  der  Gewebslipoide.  Antigenpraparate,  die 
nach  verschiedenen  anderenMethoden  gewonnen 
sind  —  wie  z.  B.  wasserige  oder  gewisse  alkoholi- 
scheExtrakte  von  Leber  oder  anderenOrganen  — 
sollten  nicht  mit  aktive m  Menschenserum  zur 
Reaktion  verwendet  we r den.  Der  Grand  ist  der,  dalJ 
aktive  menschliche  Sera  zuweilen  Komplement  fixieren,  wenn 
man  sie  mit  verschiedenen  Proteidsubstanzen,  Gly- 
kogen,  gewissen  niedrigen  Spaltprodukten  der 
EiweiBkorper  u.  dergl.  mischt^).  Ich  beobachtete  solche 
Fixierungen  mit  Tuberkulin,  dem  Nukleoprotein  des  Tuberkel- 
bacillus,  Wittes  Pepton,  verschiedenen  Albuniosen,  Glykogen, 
Alanin,  Glycil-Glycin,  Glykokoll  u.  a.  m.  Auch  bakterielle  Ex- 
trakte,  wie  z.  B.  wasserige  Extrakte  vom  Bacillus  influenzae, 
Bac.  pertussis,  Bac.  dysenteriae,  vom  Pneumococcus  und  Gono- 
coccus  und  anderen  geben  nach  meinen  Beobachtungen  nicht 
spezifische  Komplementfixation  -)  mit  einigen  nicht  vor- 
gewiirmten  aktiven,  nicht  spezifischen  menschlichen 
Sera.  Diese  Pseudoreaktion  tritt  nicht  ein,  wenn  man  die 
entsprechenden  Sera  vorher  ca.  V2  Stunde  lang  auf  56^  C 
erwarmt.  Andererseits  kann  man  nicht  vorgewarmte 
aktive  menschliche  Sera  verwenden,  wenn  die 
Antigenpraparate  frei  von  diesen  storenden  Pro- 
teinen   und   anderen   Kolloiden   sind.     Dies  ist  auch 


f 


1)  Noguchi,  On  non-specific  complement  fixation.  Proc.  Soc.  Elxper. 
Biol,  and  Med.,  Vol.  7,  1909,  p.  55. 

2)  Diese  nicht  spezifische  Komplementfixation  beruht  aber  nicht  auf 
einer  einfachen  Summation  hemmender  Faktoren,  well  weder  das  Antigen 
noch  das  Serum  selbst  in  doppelter  Menge  allein  diese  Hcmmung  ver- 
ursachen  konnen.  Man  kann  diese  Erscheinung  vom  echten  Bordet- 
Gengou  -  Phiinomen  ohne  Vorkenntnis  nicht  unterscheiden. 
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(ler  (irund,  \vcswc^(mi  man  l)ci  dcr  VV  jissor  in  an  ii  sclicii  Ke- 
aktion  so  lan^c  aktivo  Sera  verwendon  kann,  als  man  protein- 
freics  lipoidc^s  Antij^on  gebraucht.  Knrzum,  man  mnfi  j)rolein- 
freie  Lii)oidsul)stanzon  als  Antigen  verwenden,  wonn  man  mit 
aktivcn  Sera  arbeitet,  wjihrend  irgendeiner  der  von  den  ver- 
schiedenen  Autoren  empfolilcnen  wiisserigen  oder  alkoholisclien 
Organextrakte  verwendet  werden  kann,  wenn  man  die  Sera 
zuvor  (lurch  Erwarmen  inaktiviert.  Diese  scheinbare  Be- 
schriinkung  bei  der  Auswahl  and  Unterscheidung  von  Antigen- 
priiparaten  sollte  die  praktische  Anwendbarkeit  meines  Systems 
nicht  beeinflussen,  ziimal  jeder  sicherlich  auf  die  Verwendung 
wiisseriger  oder  nicht  fraktionierter  alkoholischer  Extrakte  von 
syphilitischem  Fotalgewebe  verzichten  wird,  da  diese  doch 
bekanntermafien  an  Zusammensetzung  unsicher,  in  Haltbarkeit 
unbestandig,  schwierig  darzustellen  und  vor  allem  mit  der 
Verwendung  aktiver  Sera  unvertraglich  sind.  Der  Gebrauch 
dieser  aktiven  Sera  mindert  zudem  die  zur  Anstellung  einer 
Reaktion  notige  Blutmenge  auf  ein  Minimum  herab  und  macht 
das  Inaktivieren  iiberflussig.  Nur  in  seltenen  Fallen  mufi  man 
dennoch  inaktivieren.  Gewisse  Menschensera  neigen  namlich 
dazu,  allmahlich  nach  langerem  Stehen  antikomplementar  zu 
werden,  was  man  durch  Inaktivieren  beseitigen  muB.  Es  ist 
daher  eine  gute  Vorsichtsmafiregel,  in  solchen  Fallen,  in  denen 
man  das  Serum  nicht  vor  Ablauf  von  4  oder  5  Tagen  ver- 
wenden will,  sich  eine  groBere  Quantitat  Serum  zu  sichern, 
da  solches  Serum  haufig  hochgradig  antikomplementar  wird 
und  inaktiviert  werden  muB,  bevor  man  es  zur  Reaktion  ver- 
wendet. Nach  der  Inaktivierung  aber  sollte  man  die  4-  bis 
5-fache  Menge  des  Serums  verwenden  i). 

Beim  Ausfiihren  der  Reaktion  beschicktman  jedesRohrchen 
mit  0,02  ccm  —  im  Falle  von  inaktiviertem  Serum  mit  0,08  ccm. 
Fiir  gewohnliche  Routinearbeit  kann  man  eine 
Kapillarpipettte  brauchen,  die  etwa  0,02  ccm  in 
einem  Tropfen  enthalt.  Fiir  jedes  neue  Probeserum  muC 
man  eine  andere  Kapillarpipette  haben.  Zum  streng  quanti- 
tativen  Arbeiten    bedient   man    sich    regelrechter   graduierter 


1)  Noguchi,  A  rational  and  simple  system  of  serodiagnosis  of  syphilis. 
Journ.  Amor.  Med.  Ass.,  Vol.  53,  1909,  p.  1532. 
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Pipetten.  Will  man  CerehrospinalHiissigkeit  untersuchen,  so 
braucht  man  0,2  cciii,  von  Ascitesrtiissigkeit  0,1  ccm  fiir  jedes 
Rolircheu. 

Antigen.  Fiir  aktive  Sera  verwende  man  nur  den  aceton- 
unloslicheu  Anteil  reiner  Gewebslipoide.  Man  kann  das  Antigen 
auf  zvvei  Arten  ^)  gebrauchen,  einmal,  indem  man  feines  Filtrier- 
papier  mit  konzentrierter  atherischer  Losung  dieser  Substanz 
impragniert  und  trocknet,  zvveitens,  indem  man  sich  durch 
Auflosen  von  0,3  g  Antigen  in  ca.  3  ccm  Aether  und  Mischen 
dieser  Losung  mit  100  ccm  einer  0,9-proz.  Salzlosung  eine 
Emulsion  herstellt.  Beide  Praparate  —  Antigentliissigkeit 
und  Antigenpapier  —  miissen  titriert  werden,  um  das  zur 
Einzelreaktion  notige  Quantum  der  betreffenden  Emulsion 
resp.  die  Lange  des  Papierstreifens  zu  bestimmen.  Hier  mufi 
bemerkt  werden,  dafi  die  Emulsion  audi  dann,  wenn  man  sie 
bestandig  auf  Eis  halt,  sich  sehr  schlecht  konserviert,  wahrend 
Papier -Antigen  seine  Aktivitat  verschiedene 
Monate  hindurch  be  halt,  ohne  zu  verderben.  Das 
erste  Anzeichen  von  Verschlechterung  des  Praparates  ist  die 
Entwicklung  antikomplementiirer  Eigenschaften,  die  sich  aber 
durch  kurzes  Extrahieren  des  Autigenpapiers  in  Aceton  zu- 
nitchst  auf  kurze  Zeit  wieder  beseitigen  lassen.  Seit  kurzem 
versuchte  ich,  das  Antigenpapier  direkt  in  Aceton  aufzu- 
bewahren  und  ich  Jiabe  bislang  in  6  Monaten  noch  keine 
bemerkensvverte  Abschwachung  konstatiert.  Zum  Gebrauch 
nimmt  man  einfach  die  Streifen  aus  dem  Aceton  heraus  und 
verwendet  sie  nach  dessen  Abdunsten  in  iiblicher  Weise. 

Verwendet  man  inaktivierte  Sera,  so  ist  irgendein  Antigen- 
praparat,   das   sich   zur  Verwendung   bei   der   urspriinglichen 

1)  Dieser  acetonunlosliche  x\jiteil  der  Gewebslipoide  liiBt  sich  in  festem 
Zustande  in  geschlossener  Glasrohre  eine  lange  Zeit  aufbewahren.  Hiervon 
entninmit  man  jedesnial  die  erforderliche  Menge  und  stellt  daraii;?  eine 
Emulsion  her.  Man  kann  vorteilhaft  auch  erst  eine  konzentrierte  alko- 
holische  Sta  mm  losung  dieser  Gewebslipoide  herstellen  und  hiervon  kurz 
vor  dera  Gebrauche  eine  beliebige  Menge  geeigneter  Emulsion  durch  Ver- 
mischung  des  einen  Teils  Stammlosung  mit  4  Teilen  Kochsalzlosung  be- 
reiten.  Die  Konzentration  der  Htammlosung  soUte  ungefahi*  im  Verhiiltnis 
von  0,75  g  in  50  ccm  Methylalkohol  sein.  Diese  Gebrauchsweise  (alko- 
holische  Stammlosung)  ist  ganz  ausgezeichnet  und  vielleicht  dem  Papier- 
antigen  vorzuziehen. 


I 
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\V  as  serin  aim  schcii  Methodo  eignet,  i^^leichfalls  geeignet  fiir 
luein  System.  Die  Qualitiit  sowolil  als  die  Quantitiit 
e  i  n  e  s  j  e  d  c  n  P  r  a  p  a  r  a  t  e  s  m  u  fi  n  a  t  ii  r  1  i  c  h  v  o  r  d  e  rn 
(J  e branch  bestinnnt  wcrden.  Ich  selbst, /jebc  auch  beim 
Vcrarbeiten  inaktivicrter  Sera  den  acetonuiiloslichen  Anteil 
der  Gewebslipoide  als  Antigen  vor.  Es  sei  erwiilint,  dalS  die 
Gewebslipoide  einen  viel  groBeren  Antigenwert  l)esitzen 
als  die  kiinf  lichen  Lecithinprap  arate  und  (lurch  die 
letzteren  niclit  ersetzt  werden  konnen. 

Die  Ausfiihrung  der  Reaktion.  Wenn  man  die 
Reaktion  anstellt,  so  darf  man  keinesfalls  irgendeinen  der 
notwendigen  Kontrollsatze  auslassen.  Die  Kontrollsiitze  um- 
fassen  das  positiv  syphilitische  Serum,  das  normale  Serum 
nnd  das  einfache  hamolytische  System,  in  jedem  Satz  ein 
Rohrchen  mit,  das  andere  ohne  Antigen.  Die  Anordnung 
ist  aus  dem  Schema  ersichtlich. 

Schema. 


Probeserum 

Positives 
Kontrollserum 

Negatives            Kontrolle  des 
Kontrollserum      hiimolyt.  Systems 

Hintere 
Reihc 

Ser.  d.  Patienten: 

0,02  ccm  ^ 
(wenn   inaktiviert, 

0,08  ccm) 
Komplement    (40- 
proz.  Verdiinnung) 

0,1  ccm 

Erythrocyten-Sus- 

pension  (1-proz.) 

1  ccm 

Positiv  syphilit. 

Serum  0,02  ccm 

(wenn    inaktiviert, 

0,08  ccm) 
Komplement    (40- 
proz.  Verdiinnung) 

0,1  ccm 

Erythrocyten-Sus- 

pension  (1-proz.) 

1  ccm 

Normales  Serum 

0,02  ccm 
(wenn   inaktiviert, 

0,08  ccm) 
Komplement    (40- 
proz.Verdiinnung) 

0,1  ccm 
Erythrocy  ten -Sus- 
pension (1-proz.) 
1  ccm 

Kein  Serum 

Komplement    (40- 
proz.  Verdiinnung) 

0,1  ccm 

Erythrocyten-Sus- 

pension  1-proz.) 

1  ccm 

Vordere 
Reihe 

wie  oben                 wie  oben 
mit  Antigen            mit  Antigen 

wie  oben 
mit  Antigen 

wie  oben 
mit  Antigen 

Diese  Rohrc 
jedes  Rohrchen  m 
zei)tors  beschickt. 
gen  den  Inkubatioi 
schiittelt  werden. 

Die  zweite  I 

37  "C).   Hiiufiges 
eine   gleichiniiCige 
Erythrocy  ten  zu  j 

Xach  Abbrt'( 
noch  einige  Stund 
dann  endgiiltig  al 

len  werden  1  Stun 

it  2  Einheiten  ant 

Wahrend  der  z\ 

1   miissen   die  Roh 

nkubation   der  Ro 
und  griindliches  S 
Einwirkung   der 
;ewahi'leisten. 

•hen    der  zweiten 
en  bei  Zimmertenij 
). 

de  lang  bei  37 "  in 
imenschlichen  hiin 
^^eiten,  unmittelbar 
rchen  mehrfach  g 

irchen    soil   2  Stu 

chiitteln  der  Rohrc 

hjimolytischen   R( 

Inkubation   liiBt   n 
)eratur  stehen  und 

kubiert,  dann  ein 

lolytischen  Ambo- 

auf  die  erste  fol- 

riindlich  durchge- 

nden   dauern   (bei 
hen  ist  notig,  um 
sagentien    auf    die 

lan    die  Rohrchen 
liest  die  Reaktion 

H      — 

Ich  fii^e  meist  die  Erythrucyteu-Suspension  von  Aiitang 
au  zu,  aber  man  kann  sie  auch  nach  der  ersten  Inkubation 
zusammen  niit  dem  Ambozeptor  hinzufugen,  wie  beim  ur- 
spriinglichen  Wasserman  nschen  oder  irgendeinem  anderen 
Verfahren.  In  diesem  Fallo  fiigt  man  1  ccm  einer  0,9-proz. 
Kochsalzlosung  an  Stelle  einer  1-proz.  Erythrocytensuspension 
zu  den  Komponenten  der  ersten  Inkubation  (Serum  und  Kom- 
plement  mit  und  ohne  Antigen)  hinzu;  am  Ende  derselben 
wird  dann  0,1  ccm  einer  10-proz.  Suspension  gewaschener 
menschlicher  Erythrocyten  hinzugefugt  zusammen  mit  den  zwei 
Einheiten  Ambozeptor.  Beide  Verfahren  geben  gleich  gute 
Resultate.  Beim  Benutzen  der  nativen  Erythrocyten  siud  diese 
natiirlich  schon  von  der  ersten  Inkubation  her  in  den  Probe- 
rohrchen  enthalten,  und  ein  nachheriger  Zusatz  von  mensch- 
licheu  Erythrocyten  aus  anderer  Quelle  ist  dann  nicht  notwendig. 

n.  Die  Wassermannsche  Reaktion  in  der  Anwendung  auf 
quantitative  Bestimmungen. 

Einige  wenige  Forscher  haben  versucht,  unter  Verwendung 
eines  hetero-hamolytischen  Systems  die  syphilitischen  Antikorper 
quantitativ  zu  bestimmen.  Browning  und  MacKenzie 
zeigten  die  Schwierigkeiten,  welche  sich  der  Abschatzung  der 
Menge  der  Antikorper  durch  Berechnung  des  Maximums  von 
Komplement,  das  durch  eine  gegebene  Menge  des  syphilitischen 
Serums  noch  lixiert  wird,  entgegenstellen.  M.  Stern  lenkte 
zuerst  die  Aufmerksamkeit  darauf,  daB  die  Fiihigkeit  des 
Meerschweinchenserums,  als  Komplement  fixiert  zu  werden, 
allmiihlich  verloren  geht,  wenn  man  das  Serum  einige  Tage 
hindurch  in  der  Kiilte  aufbewahrt.  Zeisslers  Vorschlag  geht 
ganz  im  allgemeinen  darauf  hinaus,  die  Intensitat  der  Reaktion 
nach  MaBgabe  von  fiinf  Gruppen,  oder  besser  besagt,  Graden 
einzuteilen,  je  nach  dem  Betrag  von  Komplement,  der  durch 
gewisse  gegebene  Betrage  vom  Serum  des  Patienten  mit 
wechselnden  Mengen  von  Antigen  fixiert  wird.  Mir  scheint 
es  etwas  widerspruchsvoU,  irgendwelche  genaueren  quantitativen 
Arbeiten  mit  der  Wasserman  nschen  Reaktion,  ja  selbst  mit 
der  echten  B or det- Gen  gou- Reaktion  im  allgemeinen  zu 
versuchen ,  so  lange  man  sich  eines  hetero-hamolytischen 
Systems  bedient,  und  zwar  aus  folgenden  Griinden: 
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1)  \)(iv  (Jrad  dcv  l)(!()l);iclit(;t.(iii  Iliuiiolysii  ist,  als  Iiidikjitor 
bctrachtot,  der  vorlKindonen  Mciige  von  Koiiiplciiient  durchaus 
iiic.ht  proportional.  Reduziert  man  nilnilich  die  Menj^e  dos 
Koniplonients  allniahlich,  wiilirend  man  die  des  Ambocei)tors 
stei^en  liilU,  so  kann  man  (lurch  Misclien  dieser  heiden  Be- 
standteile  in  ])assendem  Verhaltnis  innerhalb  einer  f^anz  be- 
trachtlichen  Hreite  der  Dosierun^^  genau  den  namliclien  Inten- 
sitatsgrad  von  Hilmolyse  erzielen.  Man  kann  daher,  es  sei 
denn,  daB  man  den  Betrag  von  Amboceptor  in  dem  Gemisch 
genau  kennt,  keinesfalls  auf  die  exakte  Menge  des  vorhandenen 
Komplements  nur  aus  dem  Grad  der  erzielten  Hilmolyse  hin 
scliliefien.  Diese  Schvvierigkeit  entsteht  hauptsachlich  durch 
den  Gebrauch  eines  hetero-hiimolytischen  Systems;  denn  das 
Serum  des  Patienten  kann  sehr  wohl  natiirliche  Amboceptoren 
gegen  verschiedene  fremde  Blutarten  enthalten,  zuweilen  sogar 
in  ganz  betrachtlichem  UeberschuB,  und  infolgedessen  bleibt 
der  Betrag  des  tatsachlich  wirksamen  Amboceptors  ganz  un- 
sicher,  ist  zum  mindesten  sehr  variabel. 

2)  Wendet  man  das  hetero-hamolytische  System  an,  in 
der  Absicht,  quantitativ  zu  arbeiten,  so  ist  es  notig,  alles,  ur- 
sprtinglich  dem  Serum  des  Patienten  eigene  (das  arteigene) 
Komplement  zu  entfernen ,  damit  man  beim  Anstellen  der 
Reaktion  mit  einer  bekannten  Menge  eines  geeigneten  Kom- 
plements arbeitet.  Man  kann  nicht  hoffen,  den  Betrag  von 
Komplement,  der  durch  einen  gegebenen  Betrag  von  Serum 
des  Patienten  fixiert  wird,  abzuschatzen,  ohne  da6  man  die 
Menge  von  Komplement,  die  wirklich  zugesetzt  wurde,  genau 
kennt.  Aus  diesem  einfachen  Grunde  kann  man 
auch  keiue  Kompl  ementfixationsm  ethode,  die 
sich  aktiven  menschlichen  Serums  als  Quelle  des 
Komplements  bedient,  fiir  genaue  quantitative 
Arbeit  verwen den.  Ist  es  nun  moglich  dadurch,  daC  man 
arteigenes  Komplement  durch  eine  bekannte  Menge  (art- 
fremden)  getrennt  titrierbaren  Komplements  ersetzt,  die 
Wassermannsche  Reaktion  quantitativ  zu  verwerten?  Bei 
der  Beantwortung  dieser  Frage  muG  man  verschiedene  Tat- 
sachen  in  Erwiigung  ziehen. 

Zuniichst  treten  leider  bei  der  Inaktivierung,  die  zur  Ent- 
fernung  des   arteigenen  Komplements  ja  notig  ist,   sekundare 
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Veranderuiigeu  in  dem  erwarinteii  Serum  eiii.  Eine  der  wich- 
tigsteu  dieser  Verandeiungeii  ist  (nacli  den  Angaben  von 
Wechselmann)  die  Verschleierung  eines  positiven  Ausfalls 
der  Wassermaunschen  Reaktion  durch  diese  Alteration  des 
Koniplements  (Komplementoidverschleierung).  Nach  diesem 
Forscher  sollte  man  die  Quelle  dieser  Storungen  dadurch 
beseitigen,  dafi  man  vor  dem  Anstellen  der  Reaktion  die 
Komplementoide  durch  Bariumsulfat  bindet.  Eine  weitere 
Schwierigkeit  ergibt  sich  aus  der  Tatsache,  daB  bei  dem  In- 
aktivieren,  wie  es  gewohnlich  gemaclit  wird  (Erwarmen  auf 
56  <^  C  auf  die  Dauer  von  30  Minuten),  das  arteigene  Kom- 
plement  nicht  immer  entfernt  wird,  es  hat  sich  dies  zum 
mindesten  bei  der  Verwendung  von  Hammelerythrocyten  nach 
neueren  Untersuchungen  von  Z  e  i  s  s  1  e  r  ergeben.  Nach  seinen 
Mitteilungen  gabe  es  raenschliche  Sera,  welche  selbst  noch 
nach  2-stundigem  Erwarmen  auf  60^  C  komplementare  Eigen- 
schaften  behalten.  Will  man  demnach  alles  arteigene  Kom- 
plement  mit  Sicherheit  eliminieren ,  so  muB  man  die  Sera 
so  lange  erhitzen,  bis  jedes  einzelne  Serum  sich  bei  der  Probe 
als  inaktives  verhalt.  d.  h.  man  muB  von  jeder  einzelnen  Probe 
nach  dem  Erhitzen  den  Komplementtiter  getrennt  bestimmen, 
was  praktisch  nicht  durchfiihrbar  ist.  Hatte  man  dies  nun 
getan,  so  miiBte  man  diejenigen  Sera,  welche  nach  einhalb- 
stlindigem  Erwarmen  auf  56  *>  C  noch  aktiv  sind,  abermals 
eine  Zeitlang  auf  eine  hohere  Temperatur  (60^^  C  z.  B.)  er- 
warmen. Einige  der  Sera  miiBten  demnach  liinger  und  auch 
auf  eine  hohere  Temperatur  erwarmt  werden,  als  andere. 
Hier  muB  man  nun  aber  fragen:  Konnen  wir  die  unter  so 
veriinderlichen  Bedingungen  gewonnenen  Resultate  uberhaupt 
noch  vergleichen?  Nein,  durchaus  nicht.  Denn  erstlich  sind 
alle  die  sogenannten  syphilitischen  Antikorper  beziiglich  ihrer 
Fahigkeit,  Hitze  zu  vertragen,  sehr  labil.  Schon  beim  Er- 
warmen auf  45  ^  C  nur  20  Minuten  lang  werden  sie  bedeutend 
abgeschwacht,  bei  50  ^  55^  und  60^  C  Erwarmen  wiihrend 
derselben  Zeitdauer  tritt  schon  eine  ganz  erhebliche  EinbuBe 
am  Gehalt  von  Antikorpern  auf,  ja  es  lieB  sich  feststellen, 
daB  sich  unter  den  erwahnten  Bedingungen  die  Antikorper 
im  Verhaltnis  von  V2,  zu  V4,  zu  Ve  verminderten.  Sachs, 
Levaditi  und  Marie  und  ich  haben  auch  gezeigt,   dafi  die 
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Antikr)ri)or  l)ei  (iiner  Tcmporjitur  von  r/d.  7:")"  C  in  ctwa 
20  Minuten  zeistort  werdcii. 

Aiij^csiclits  (lieser  cxperimentcllen  Erj^^ehnissc  ist  es  iibcr- 
tiiissig,  iioch  weiter  auseiiuinderzusetzen ,  waruin  man  sich 
quantitative  Arbeiten  mit  der  Wasserman  n  schen  Reaktion 
nicht  denken  kann,  solango  man  ein  hetero-hiimolytisches  System 
gebraucht,  dem  die  geradc  erorterten  Schwierigkeiten  anhiingen. 

Diese  eben  skizziertcn  Tatsachen  stollen  sich  also  dem 
Fortschreiten  auf  dem  Wege  zur  quantitativen  Verwertung 
der  W as s er man n schen  Reaktion  hindernd  entgegen.  Soil 
letztere  fiir  quantitatives  Arbeiten  iiberhaupt  in  Betracht 
kommen,  so  wird  man  sich  zur  Modifikation  eines  antimensch- 
lichen  hiimolytischen  Systems  (eine  solche,  in  welcher  alle  die 
fiinf  Faktoren  einzeln  titrierbar  sind)  verstehen  miissen,  bei 
der  die  obeu  erwahnten  UnregelmaCigkeiten  ausgeschlossen 
sind.  Wahrend  aber  die  Hauptquellen  dieser  gerade  erwahnten 
Storungen  in  der  Kontrolle  der  Faktoren  durch  eine  solche 
Aenderung  in  der  Versuchsanordnung  wohl  vermieden  werden 
kann,  so  trifft  dies  doch  keineswegs  fiir  die  Veranderlichkeit 
der  Eigenschaften  des  Meerschweinchenkomplements  zu;  die 
dadurch  bedingten  Storungen  miissen  naturlich  jedem  be- 
liebigen  System  anhangen,  und  sie  sind  wohl  zu  beachten.  Wie 
anderswo  festgestellt  wurde,  kann  man  die  Eigenschaft  eines 
gegebenen  Komplements,  hamolytische  System e  zu  aktivieren, 
keineswegs  zu  seiner  Fahigkeit,  durch  Antigen-Antikorperver- 
bindungen  verankert  zu  werden,  in  direkte  Parallele  setzen.  Es 
wird  gelegentlich  beobachtet,  daC  das  eine  Komplement,  welches 
sich  beziiglich  seiner  Aktivierungsfahigkeit  ganz  aktiv  verhalt, 
durch  die  Antigen  -  Antikorperkombination  nicht  verankert 
wird,  wahrend  eine  andere  Probe  komplementfahigen  Serums 
solche  Verankerung  zeigt.  Nach  meinen  Erfahrungen  ist 
Meerschweinchenserum  eines  der  am  leichtesten  zu  verankern- 
den  Komplemente,  doch  muC  man  auch  hier  immer  mit  der 
Moglichkeit  rechnen,  eine  Probe  von  Meerschweinchenserum 
zu  erhalten,  dessen  Komplement  sich  bedeutend  schwerer 
verankern  laBt.  In  der  Tat,  mehr  als  einmal  konnte  ich  die 
Verschleierung  einer  positiven  Wassermannschen  Reaktion 
beobachten,  die  auf  diese  Tatsache  bezogen  werden  muBte. 
Ich   mache   es   mir   deshalb   zur   Regel,   ein  Mischserum    von 
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mehr  als  2  Meerschweiucheii  zu  verweiideii.  Kurzuiii,  diese 
Fehlerciiiolle  lalit  sich  leicht  vennciden,  vvoiiu  man  das  be- 
treffonde  Serum  auf  seine  komplenientiiren  Eigenschaften  hin 
einer  sorgsamen  und  strenj^en  KontroUe  unterzieht. 

Wir  miissen  uns  jetzt  zur  Besprechung  einiger  Faktoren 
vvenden,  welelie  das  quantitative  Arbeiten  auch  bei  der  Ver- 
vvendung  eines  antimenschlichen  Systems  storen  kounen. 

Untersucht  man  menschliche  Sera  kurz  nach  der  Ge- 
winnung,  so  findet  man  sie  meist  frei  von  antikomi)lementaren 
Eigenschaften,  und  das  solchen  frischen  Sera  im  Betrage  von 
zwei  Einheiten  zugesetzte  Meerschweinchenkomplement  wird 
in  seiner  Wirkung  nicht  beeintriichtigt.  Selbstverstandlich  ist 
audi  arteigenes  Komplement  in  diesen  Serumproben  zugegen, 
doch  ist  dies  zu  wenig  und  zu  schwach,  so  dafi  man  es  als 
storenden  Faktor  vernachliissigen  kann.  Numerisch  ausge- 
drtickt:  Die  Menge  des  aktiven  Serums,  das  man  mit  der 
Wassermann schen  Reaktion  priifen  will ,  betriigt  nur 
0,02  ccm,  aber  in  der  Gegenwart  derjenigen  Menge  von 
Amboceptor,  welche  man  fur  die  Reaktion  verwendet,  wiirden 
0,1  ccm,  ja  selbst  0,2  ccm  soldier  Serumproben  sich  inaktiv 
gegen  menschliche  Erythrocyteu  verhalten.  Ist  also  auch  art- 
eigenes Komplement  in  einer  gegebenen  Serumprobe  von 
0,02  ccm  zugegen,  so  kann  man  das  ruhig  vernachlassigen,  die 
Resultate  bleiben  doch  ziemlich  genau.  Anders  aber,  wenn 
man  altere  Sera  untersuchen  soil.  Diese  muB  man  zuvor 
ca.  20  Minuten  lang  auf  56^  C  erwarmen,  um  alle  anti- 
komplementiiren  Eigenschaften,  die  sich  wahrend  des  Lagerns 
des  Serum  entwickelt  hatten,  vvieder  aufzuheben.  Nach  der 
Inaktivierung  muC  man  aber  0,08  ccm  vom  Serum  zur  Reaktion 
verwenden,  dies  wurde  eingangs  schou  erwahnt.  Ich  weiB 
nicht,  ob  durch  das  Inaktivieren  in  diesem  Falle  gelegentlich 
eine  positive  Reaktion  verdeckt  werden  kann  (wie  dies  vom 
Wassermann  schen  System  berichtet),  oder  nicht.  Meine 
zahlreichen  Untersuchungen  in  dieser  Richtung  zeigen  jedoch, 
daiJ  die  Behandlung  des  positiven  Serums  mit  Bariumsulfat 
den  Antikorpergehalt  herabsetzt. 

Ich  bin  der  Ansicht,  daB  man  auch  bei  Verwendung  aktiver 
meuschlicher  Sera  in  meinem  System  fiir  alle  praktischen 
Zwecke  geniigend   genau  arbeitet,   wenn  man,   wie  dies  auch 
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boi    (ler  Titration    ;illor  Aiitik()r])or    ^oschicht,    die  St;lrk(3    tier 
Sera  durch  stcigende  Vcrduiinuiig  bestiiiiint. 

m.  Praktischo  Ergobnisso. 

Seit  (ler  Einfiihrung  meines  Systems  ist  dasselbe  von 
verschiedenen  Forschern  in  ca.  iOOOO  P'jillen  verschiedener 
Erkrankun^en  nacli^^epriift  nnd  niit  deni  urspriin^dichen 
Wasserniannsclicn  System  in  1860  Fallen  von  Syjihilis  und 
Metasyphilis  verglichen  worden.  Aufierdem  wurden  1651  P'alle, 
die  zu  derselben  Krankheitsgruppe  gehoren ,  nach  meinem 
System  untersucht  und  durch  die  entsprechenden  klinischen 
Daten  kontrolliert.  Soweit  es  sich  um  andere  nicht-syphi- 
litische  Erkrankungen  handelt,  ist  das  System  an  4048  Fallen 
nachgepriift,  einschlieI51ich  P'illlen  von  Scharlach,  Lepra,  malignen 
Tumoren,  Framboesia  tropica,  Tuberkulose  usw.,  Fiille,  bei 
denen  sich  positiver  Ausfall  der  Wassermann  schen  Reaktion 
aus  der  Literatur  ersehen  lieB. 

In  folgenden  Tabellen  (p.  14)  will  ich  die  von  verschiedener 
Seite  gewonnenen  Resultate  in  Fallen  von  Syphilis  und  Meta- 
syphilis zusammenstellen. 

Aus  den  Tabellen  I  und  II  geht  zur  Geniige  hervor,  daB  in 
meinem  System  die  Prozentzahlen  des  positiven  Ausfalls  der 
Reaktion  etwas  hoher  sind  als  bei  der  urspriinglichen  Wasser- 
m  a  n  n  schen  Methode  (die  sich  alkoholischen  Extrakts  syphi- 
litischer  Fotusleber  bedient).  Es  ist  schon  davon  die  Rede 
gewesen,  dafi  dieser  feinere  Ausschlag  der  Reaktion  nicht 
etwa  als  eine  Ueberempfindlichkeit  des  Systems  zu 
deuten  ist.  Es  lieB  sich  zeigen,  dafi  das  Coupieren  gelegent- 
lich  vorhandenen  natiirlichen  Ambozeptoriiberschusses  einer 
der  Hauptgriinde  dafiir  ist,  da6  in  meinem  System  der  Re- 
aktionsausschlag  feiner  ist,  als  dies  bei  der  Verwendung  eines 
heterolytischen  Systems,  wo  diese  Fehlerquelle  unvermeidlich 
ist,  der  Fall  sein  kann.  Ferner  kann  man  aus  den  Tabellen 
ersehen,  daC  die  Verschiedenheiten  zwischen  den  mit  beiden 
System  en  erreichbaren  Ergebnissen  bei  dem  einen  Arbeiter 
groBer  sind,  wahrend  ein  anderer  mit  beiden  Methoden  mehr 
gleichformige  Resultate  erzielt.  Zum  Teil  muB  man  diesen 
Unterschied  durch  die  heterogene  Beschaffenheit  der  Fiille, 
welche  der  Statistik  zugrunde  liegen,  zum  Teil  aber  auch  durch 
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individuelle  Vcrscliiedeiiheitcn  in  der  Mcthode  dei  Aiheiter 
selbst  erkhlrcn.  Man  niuB  sich  dessen  l)cwufit  sein,  dali  die 
Verschicdenheiten  in  den  Rcsultatcn  um  so  groCcr  werden 
und  zuj^nnstcn  nieines  Systems  (mit  antimcnschlichem  Ainbo- 
zeptor)  ins  (Jewiclit,  fallen,  eincn  je  reichlic.heren  Gehalt  an 
natiirliclieni  Anti-IIammel-Ambozeptor  im  Einzelfalle  das  zu 
untersuchende  Serum  aufweist. 

Braiicht  man  somit  bei  sorgsamer  Ausfuhrung  der  Reaktion 
von  der  Hand  geiibter  Arbeiter  keinerlei  theoretischen  Zweifel 
an  der  VerliiBlichkeit  meiner  Methode  zu  hegen,  so  sollte  man 
doch  an  einer  groReren  Anzahl  nicht  syphilitischer  Falle  das 
System  nachprufen ,  um  zu  wissen ,  ob  es  dieselbe  patho- 
gnomonische  Bedeutung  hat  wie  die  Wassermannsche 
Methode. 

Dies  ist  in  4048  Fallen  von  nicht  syphilitischen  Krankheiten 
gescheheu.    Die  Resultate  seien  im  folgenden  kurz  angefiihrt: 

Noguchi  1642 

Kaliski ')  750 

Jef fries  und  Pease  2)  300 

Schwartz  (B)^)  250 

Robinson  (Orleman)*)  250 

Lederer  ^)  150 

Fox'^)  113 

Groat ')  51 

Corson-White «)  183 

Craig  ^)  214 

Potter  (Alfred) '«)  45 

Schradieck^') 100 

Summa  4048 


1)  Pathologisches  Laboratorium  des  Mount  Sinai  Hospital. 

2)  Pathologisches  Laboratorium   der   New-Yorker  Policlinic  Medical 
School  und  des  Post-Graduate  Medical  College. 

3)  Pathologisches  Laboratorium  des  Bellevue  Hospital  und  des  Gouve- 
nier  Hospital. 

4)  Dermatologische   Abteilung   der   New-Yorker   PohcUnic    und   der 
North  Western  Clinic. 

5)  Pathologisches  Laboratorium  des  jiidischen  Hospitals  zu  Brooklyn. 
G)  Skin  and  Cancer  Hospital  und  Vanderbilt-Klinik   zu   New- York. 

7)  Medizinische  Abteilung  der  Universitiit  Syracuse. 

8)  Neuropathologische  Abteilung  der  Universitiit  Pennsylvania. 

9)  U.  S.  Army  Medical  College,  Washington. 

10)  Dermatologische  Abteilung  des  Long  Island  Medical  College. 

11)  Pathologisches  Laboratorium  des  King's  County  Hospital,  Brooklyn. 
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Genaue  Erorterungen  der  obenerwahnten  Falle  wird  man 
in  den  Einzelheiten  ersehen  konnen,  es  geniigt,  hier  nur  zu 
erwahnen,  daB  die  meisten  Erkrankungen  in  jedeni  Gebiet  der 
Medizin  von  diesen  Arbeitern  stiidieit  wordeu  sind.  Einige 
von  ihuen  untersuchten  Serumproben,  die  von  Patienten  auf 
den  Krankenhausabteilungen  aufs  Geratewohl  von  Bett  zu  Bett 
ohne  jede  Auswahl  mit  Rucksicht  auf  Syphilis  entnommen 
waren.  Andere  wieder  untersuchten  das  Serum  von  Patienten, 
welche  viele  Jahre  lang  unter  Beobachtung  gestanden  hatten, 
und  bei  denen  Syphilis  voUig  ausgeschlossen  war.  Noch  andere 
priiften  Falle  verschiedener  Spezialgruppen,  z.  B.  aus  dem  Gebiete 
der  Dermatologie,  Neurologie,  Psychiatric,  Otologie,  Ophthal- 
mologie,  Gynakologie  usw.  In  folgenden  Fallen  vvurden  positive 
Reaktionen  beobachtet:  Ich  selbst  hatte  positive  Reaktionen  in 
10  Fallen  von  Lepra  7mal;  Fox,  der  60 Falle  derselben  Krank- 
heit  untersuchte,  notierte  in  38  Fallen  der  tuberosen  und  ge- 
mischten  Form  der  Lepra  28mal,  in  22  Fallen  der  maculo- 
aniisthetischen  Form  3mal  positiven  Ausfall  der  Reaktion.  Von 
meinen  55  Fallen  maligner  Tumoren  (hauptsachlich  Carcinom) 
war  ein  Fall  von  Lebercarcinom  und  ein  Fall  von  Endotheliom 
der  Lunge  positiv.  Fox  notierte  einen  positiven  Ausfall  der 
Reaktion  in  einem  Fall  von  Ekzema,  doch  konnte  er  ihn  nicht 
nachpriifen.  Ich  selbst  habe  32  Falle  von  Ekzem  untersucht, 
und  standig  mit  negativem  Resultat.  52  Falle  von  Tuber- 
kulose,  die  ich  untersuchte,  zeigten  alle  einen  negativen  Aus- 
fall der  Reaktion.  Gonorrhoe  und  weicher  Schanker  waren 
immer  negativ,  und  in  den  Fallen,  wo  eine  positive  Reaktion 
auftrat,  handelte  es  sich  urn  Falle  von  chancre  mixte.  Scharlach- 
fieberfalle  waren  nie  einwandsfrei  positiv,  von  63  Fallen,  die 
ich  notierte,  finde  ich  nur  2,  die  eine  leichte  Hemmung  der 
Hamolyse  zeigten ;  in  einem  Falle  bekam  ich  eine  starke  posi- 
tive Reaktion,  aber  gerade  dieser  Fall  war  eine  kongenitale 
Syphilis,  und  zwei  Aerzte,  die  den  Fall  behandelten,  infizierten 
sich  spater,  so  dafi  der  Beweis  der  kongenitalen  Lues  auch 
hierdurch  erbracht  ist. 

Die  oben  angefiihrten  Arbeiter  verwendeten  a  k  t  i  v  e 
menschliche  Sera  und  den  acetonunloslichen 
Anteil  der  Gewebslipoide  als  Antigen  (hergestellt 
nach  meiner  Methode). 
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Im  Ge^ensatz  zu  den  cben  angefiilirtcn  Er^^ebnissen  be- 
richtete  Swift  iiber  cjf)  positive  Keaktionen  (!j  in  201  Fallen 
nicht  syphilitisclier  Erkrankungen ,  die  niit  nieinem  System 
untersuclit  wurden.  Von  nieiner  gewolinlichen  Technik  jedocli 
wicli  er  darin  ab,  dalJ  er  einen  nach  den  Vorschriften  von 
Michaelis  und  Lesser  bereiteten  Extrakt  syi)liilitischer 
Fotuslcber  verwendete.  Da  seine  Befunde  von  keinem  anderen 
Forscher  bestatigt  worden  sind,  und  da  Swift  noch  wenig 
Erfahrung  in  der  Serologie  besaB,  so  miissen  die  von  ihni 
gefundenen  Anomalien  seiner  Technik  und  nicht  der  Methode 
selbst  zugeschrieben  werden.  Hierfiir  spricht  auch,  dafi  Swift 
diese  Befunde  seitdem  nicht  hat  wieder  erhalten  konnen.  Ich 
selbst  habe  mit  ihm  51  Falls  nichtsyphilitischer  Erkrankungen 
mit  aktivem  Serum  untersucht,  ohne  auch  nur  eine 
einzige  positive  Reaktion  zu  erhalten. 

Der  Mangel  an  Uebereinstimmung  der  Resultate  mul5 
zweifellos  zum  Teil  auf  die  Verschiedenheit  der  Antigen- 
praparate  bezogen  werden.  Kiirzlich  konnte  ich  nachweisen, 
daJB  ein  wasseriger  und  alkoholischer  Extrakt  eines  macerierten 
Organes  verschiedene  Substanzen  kolloidaler  Natur  enthalt, 
die  in  Verbiudung  mit  aktivem  Menschenserum  Komplement 
verankern,  und  diese  Eigenschaft  verschwindet  nach  dem 
Inaktivieren.  Ich  will  hier  nochmals  nachdrucklichst 
betonen,  dafi  alle  diese  Storungen  vermieden 
werden,  wenn  man  an  Stelle  der  wasserigen  oder 
alkoholischen  Extrakte  ein  protein-  und  glykogen- 
freies  Antigen  verwendet,  wie  es  der  acetonun- 
losliche  Anteil  der  Gewebslipoide  darstellt^). 

Zusammen  mit  mir  untersuchten  Rosanoff  und  Wiese- 
man'^)  die  Sera  von  334  Fallen  nicht-metasyphilitischer  Psy- 
chosen  und  die  Cerebrospinalfliissigkeit  von  234  Fallen  aus  der- 
selben  Kategorie. 

In  45  Sera  erhielten  w'ir  positives  Resultat,  ebenso  in 
12  Fallen  der  Cerebrospinalflussigkeit.  In  15  Fallen  lieB  sich 
Syphilis  feststellen,  in   den  iibrigen  lieB  sie  sich  weder  nach- 

1)  Diskussion  mit  Demonstration  am  12.  Janiiar  1910  vor  der  Patho- 
logischen  Gesellschaft  in  Philadelphia. 

2)  Eosenoff  und  W  iesema  n ,  Syphihs  and  Insanity.  Amer.  Journ. 
of  Insanity,  Vol.  66,  1901,  p.  419. 
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weisen  noch  unbedingt  ausschlielien.  Corson-White^),  der 
sowohl  das  Wasseriiiannsche  als  audi  iiieiu  System  ange- 
wendet  hat,  fand  15  positive  Reaktionen  in  111  neurologischen 
Fallen ;  24  Falie  davon  waren  Epilepsie,  und  in  8  von  diesen 
wurden  positive  Reaktionen  bei  beiden  Methoden  beobachtet. 
lliermit  in  Zusanimenhang  mag  noch  erwiihnt  sein,  dali 
R  0  s  a  n  0  f  f  und  Wise  m  a  n  beim  Gebrauch  meines  Systems 
.illein  etwas  niedrige  Prozentzahlen  positiven  Ausfalls  der 
Reaktion  bei  Epilepsie  erhielten  (12  Falle  in  69  Fallen),  des- 
gleichen  bei  Dementia  praecox  (15  Falle  in  131  Fallen).  Diese 
Resultate  stimmen  gut  iiberein  mit  den  Beobachtungen  friiherer 
Autoren,  die  sich  des  Wassermannschen  Systems  bedienten 
(Raviart,  Breton  und  Petit,  Levaditi  und  Rabino- 
vitch). 

Das  System  mit  antimenschlichem  Ambozeptor  ist  audi 
in  130  oi)hthalmologisdien  Fallen  unter  der  klinisdien  Assi- 
stenz  von  Dr.  Martin  Cohen  2)  nadigepriift  worden,  der  an 
anderem  Orte  hieriiber  vom  klinischen  Standpunkt  berichtet 
hat.  In  der  Otologie  wurde  es  von  Dr.  Fowler  an  127  Fallen 
unter  zufriedenstellender  Uebereinstimmung  mit  den  klinischen 
Befunden  nachgepruft.  Mit  Dr.  At  wood  habe  ich  205  Falle 
von  Idiotie  und  104  Falle  von  Imbecillitat  mit  meinem  System 
untersucht.  Wir  haben  davon  7  Proz.  positive  Reaktionen 
in  der  ersten  und  8  Proz.  in  der  zweiten  Gruppe  erhalten  ^). 
Zur  Verfolgung  der  sypliilitischen  Fiille  wahrend  der  Be- 
handlung  hat  Dr.  Pederson  mein  System  herangezogen. 
Sein  Bericht  iiber  eine  grofie  Anzahl  der  Fiille,  die  seit  1908 
von  ihm  gemeinsam  mit  mir  studiert  worden  sind,  ist  klinisch 
sehr  lehrreich '^). 

AuEerdem  wurde  diese  Methode  von  verschiedenen  For- 
schern  in  ungefiihr  1800  Fallen  unsicherer  Natur  fiir  die 
Diagnose  verwendet,  und  zwar  mit  befriedigendem  Ergebnisse. 


1)  Corson- White,  Vortrag  vor  der  Pathologischen  Gesellschaft  in 
Philadelphia  am  12.  Janiiar  1910. 

2)  Cohen,  The  value  of   the  serodiagnosis  of  syphilis  in  ophthal- 
mology.   A  preliminary  report.    Arch,  of  Ophthalm.,  Vol.  39,  1910,  p.  93. 

3)  Genauer  Bericht  hieriiber  wird  von  Dr.  At  wood  verofFentlicht. 

4)  Pedersen,   Serodiagnosis  of  Syphilis.     New  York  med.  Journ., 
Vol.  91,  1910,  p.  1113. 


—     V.)     — 

Z  u  sam  111  on  fa  RRii  n  g. 

1)  In  ol)i^'ein  siiid  eini^^o  voiii  Autor  in  der  ersten  Iliilfte 
(les  Jahros  l!H)i)  an^'cgel)eiie  \'er))esseruiigen  der  Sy])hilis- 
(liagnoso  (W  asserniannsche  Rcaktion)  boschrieben.  Es 
hat  sicli  kein  besonderer  Vorteil  bei  der  Verwendung  ge- 
trocknet(Mi  Koniplements  herausgestellt,  und  es  ist  anzuraten, 
das  Meerschweinchenserum  nur  in  fliissigcr  Form  zu  vcr- 
wenden.  Anibozci)tor  und  Antigen  kann  man  je  nach  Wahl 
in  riiissigeni  oder  getrockncteni  Zustande  verwenden,  im  Punkt 
der  Genauigkeit  sind  beide  gleichwertig,  doch  ist  zii  beachten, 
daft  das  Hiissige  Priiparat  an  Haltbarkeit  deni  Trockenpriiparat 
nachsteht.  Das  Serum  des  Patienten  kann  sowolil  im  aktiven 
wie  im  inaktiven  Zustand  zur  Verwendiing  kommen.  Im  ersten 
Falle  sollte  man  nur  den  acetonunloslichen  Anteil  der  Gewebs- 
lipoide  verwenden,  verwendet  man  aber  inaktives  Serum,  so 
kann  man  irgendeinen  wasserigen  oder  alkoholischen  Antigen - 
extrakt  von  sypliilitischer  Fotusleber  gebrauchen,  dessen  Ver- 
laBlichkeit  ausprobiert  worden  ist.  Es  sclieint  iiuIJerst  wichtig 
zu  sein,  daB  man  das  Antigenpriiparat  dementsprechend  ver- 
schieden  wahlt,  je  nachdem  man  mit  aktivem  oder  inaktiviertem 
Serum  arbeitet,  falls  man  wirklich  verlaBliche  Resultate  er- 
halten  will.  Verschiedene  Proteinsubstanzen  (Nukleoprotein, 
Pepton,  Albumosen  usw.),  ferner  EiweiCspaltprodukte,  Glykogen 
und  wahrscheinlich  viele  andere  Substanzen,  speziell  solche 
von  kolloidaler  Natur,  sind  imstande,  Komplement  aus  Meer- 
schweinchenserum zu  fixieren,  wenn  man  sie  mit  gewissen 
aktiven  Menschensera  zusammenbringt.  Dies  kann  also  eine 
wirkliche  spezifische  Komplementbindung  vortauschen.  Aus 
diesem  Grunde  sollte  man  diese  Extrakte  nicht  mit  aktiven 
menschlichen  Sera  als  Antigen  verwenden. 

2)  Ftir  quantitatives  Arbeiten  kann  man  sich  w^eder  der 
Wassermannschen  noch  irgendeiner  anderen  auf  der  Bor- 
det-G  engou-Methode  der  Komplementverankerung  fuBen- 
den  Reaktion  bedienen,  vorausgesetzt.  daB  man  sich  eines 
hamolytischen  Systems  bedient,  in  welchem  die  zu  hamo- 
lysierenden  Erythrocyten  einer  artfremden  Species  entstammen 
und  demnach  der  hamolytischen  Wirkung  gerade  desselben 
Serums,  das  auf  den  Antikorper  hin  untersucht  werden  soil, 
unterliegen.     Denn    in  diesem  Falle  werden  ganz  unbekannte 

9  * 
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Mengen  von  Ainbozeptor  eingefuhrt  unci  die  Entfernung  nativen 
Koniplenients  durch  Inaktivieren  hat  wiederuni  andere  Ver- 
schiebungen  in  der  Zusammensetzung  eines  so  behandelten 
Serums  zur  Folge,  andererseits  wird  man  (juantitativ  exakter 
arbeiten  konnen,  wenn  die  als  Indikator  der  Iliimolyse  ver- 
wendeten  Erythrocyteu  derselben  Species  entstammen,  wie  das 
den  Autikorper  enthaltende  Serum,  wobei  man  natiirlich  das 
Komplement  einer  andern  Species  verwenden  muC  (am  vorteil- 
haftesten,  wie  die  Erfahrung  zeigt,  das  Meerschweinchenserum, 
s.  oben).  Auf  diese  Art  kann  man  wirklich  alle  bei  der  Kom- 
plementverankerung  in  Betracht  kommenden  Faktoren  quan- 
titativ  kontrollieren.  Es  ist  selbstverstiindlich,  dafi  alle  die 
Metlioden,  in  welchen  die  natiirlichen  Hamolysine  (Komple- 
ment oder  Ambozeptor  oder  beides)  des  Patienten  beniitzt 
sind,  fiir  die  quantitative  Arbeit  wenig  geeignet  sind. 

3)  In  praxi  zeigen  die  Resultate  bei  der  Anwendung 
der  von  mir  empfohlenen  Anordnung  auf  3517  Falle  von 
Syphilis  und  Metasyphilis  und  auf  4048  Falle  von  nicht 
syphilitischen  Erkrankungen,  daC  die  Methode  ebensoviel 
pathognomonische  Bedeutung  hat,  wie  die  urspriinglich  von 
Wassermaun  angegebene,  ja  dafi  sie  oft  dann  noch  ein 
wahrheitsgemaBes  Ergebnis  liefert,  wenn  die  letztere  entweder 
wegen  AmbozeptoriiberschuB  im  Serum  des  Patienten  nicht 
mehr  positiv  ausschlitgt,  oder  wenn  sie  durch  die  Komplemen- 
toidverschleierung  im  Sinne  Wechselmanns  verdeckt  bleibt. 
Die  Methode  ist  schon  insgesamt  auf  ca.  10000  Fiille  gepriift 
(3517  Fiille  von  Syphilis  und  Metasyphilis,  4048  Fiille  von 
nichtsyphilitischen  Erkrankungen,  878  Fiille  von  speziellen 
Gruppen  der  Erkrankungen  und  ungefiihr  1800  Fiille  fiir 
Diagnose). 

Den  oben  mitgeteilten  Erwilgungen  folgend,  empfehle  ich 
ferner  fiir  Routine-Arbeit  die  Verwendung  aktiven  Serums, 
vorausgesetzt,  daB  man  sich  des  acetonunloslichen  Anteils  der 
Gewebslipoide  als  Antigen  bedient,  es  sei  denn,  daB  spezielle 
Griinde  zum  Inaktivieren  der  zu  untersuchenden  Sera  vor- 
liegen,  wie  sie  z.  B.  dann  vorliegen,  wenn  die  antikomple- 
mentiiren  Eigenschaften  einer  zu  alten  Probe  beseitigt  werden 
miissen. 
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Pnnki'c.'isdriise. 

Von 
P.  A.  Levene  und  W.  A.  Jacobs. 

(Aus  dem  Rockefeller  Institut  for  Medical  Research,  New  York.) 
{Eingegangen  am  4.  August  1910.) 

Wie  bekannt,  hat  J.  Bang^),  der  nach  einem  Verfahren 
von  Hammarsten  die  Guanylsaure  darstellte,  als  Ausgangs- 
material  das  Hammarstensche  Nucleoproteid  benutzt.  Das- 
selbe  Verfahren  wurde  auch  von  anderen  Forschern,^)  die  sich 
mit  der  Untersuchung  dieser  Substanz  beschaftigt  batten,  ver- 
folgt.  Nun  laBt  sich  selbstverstandlich  unter  solchen  Be- 
dingungen  nur  ein  kleiner  Teil  der  in  der  Driise  wirklich  vor- 
kommenden  Substanz  gewinnen.  Da  es  uns  aber  daran  lag, 
groBere  Quantitaten  der  Guanylsaure  zu  erhalten,  so  haben 
wir  uns  bemiiht,  ein  Verfahren  zur  direkten  Gewinnung  der 
Saure  aus  der  Driise  auszuarbeiten.  Dieses  Problem  haben 
wir  ohne  groBe  Schwierigkeiten  losen  konnen.  Es  stellte  sich 
aber  bald  heraus,  daB  aus  mancher  Driise  mit  der  Guanylsaure 
direkt  das  freie  Guanosin  mitfallt.  Nicht  selten  kommt  sogar 
das  Guanosin  in  viel  groBeren  Mengenverhaltnissen  als  die 
Nucleinsaure  vor.  Dieser  Befund  ist  von  Interesse,  haupt- 
sachlich  weil  er  auf  den  Gang  der  Nucleinsaurespaltung  bei 
der  Autolyse  der  Organe  hinzeigt.  Es  ist  auch  von  Interesse 
wegen    der    neuen   Entdeckung  von   E.  Schultze^),  daB  seine 


1)  Zeitschr.  f.  physiol.  Chem.  26,  133,  1898. 

2)  Jones  und  Rowntree,  Journ.  of  Biolog.  Chem.  4,  289,  1908.  — 
S  tend  el,  Zeitschr.  f.  physiol.  Chem.  53,  540,  1907.  —  Levene  und 
Mandel,  diese  Zeitschr.  10,  221,  1908. 

3)  Zeitschr.  f.  i^hysiol.  Chem.  6(},  128,  1910. 
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Base  Veriiiii,  dereii    Koiistitutioii   bis   jetzt  nicht   bekanrit   war. 

mit  dem  Guaaosiii    identisch    ist.     Nun    ist    bewiesen    worden, 

daU    auch  die  pHanzUche    Nueleinsaure,  die  Triticonucleinsaure, 

Guanosin    in    ihrem    Molekiile   enthalt.     Also   auch   das    in   den 

Pflanzen    voikommende    freie    Guanosin    ist    ein    Produkt    der 

Autolyse  oder  ein  Stoffvvechselprodukt  der  Nucleinsilure.     Weiter 

raacht    dieser  Befund  notwendig,    zu    erforschen,    ob    vielleicht 

die  analytischen  Unterschiede,  die  Bang  bei  verschiedenen  Pra- 

paraten   der    Ciuanylsiiure  konstatiert    hat   und   die   ihn   zu  der 

Annahme  von  n-  und  /)'-Guanylsaure  fiihrten,  auch    nur   durch 

die  Verunreinigung  mit  Guanosin   verursacht  waren. 

Man  gewinnt  jetzt  die  Uberzeugung,  daB  das  Guanosin  in 

der  Driise  praformiert  war  und  nicht  etwa  durch  die  chemischen 

Eingriffe  aus   der  Guanylsaure  in  Freiheit    gesetzt    wird.     Man 

ist  zur  Annahme  des  praformierten  Guanosins  schon  deswegen 

berechtigt,  weil    die   Substanz    nicht  aus  alien  Driisen  sich  ge- 

winnen    liiBt,    obwohl    die    chemischen    EingrifiFe    unverandert 

bleiben.     Ferner  ist  aus  dem   experimentellen  Teile  ersichtlich, 

daB  der  einzige  Faktor,    der    bei   diesem  Vorgang  hydrolytisch 

wirken  konnte,  die  S^/^ige  Kalilauge  ist.    Nun  ist  es  von  uns 

erwiesen  worden,  daB  Nueleinsaure  auch  in  kochender  S^/^iger 

Lauge  zienilich  resistent  ist,  wiihrend  in  dem  vorliegenden  Ver- 

fahren    die  Lauge    nur   bei   einer  Temperatur   von    etwa  60^  C 

einwirkt. 

Experimenteller  Tell. 

Die  Driisen  werden  in  einer  Hackmaschine  zerhackt  und 
mit  Wasser  aufgekocht.  In  das  noch  heiBe  Gemisch  wird 
Kaliumacetat  bis  zu  einem  Gehalt  von  5^/^  eingetragen. 
Nach  dem  Abkiihlen  auf  etwa  60°  C  wird  das  Gemisch  mit 
50*^/o  iger  Kalilauge  bis  zu  einem  Gehalte  von  5°/^  ver- 
setzt  und  dann  iiber  Nacht  stehen  gelassen.  Es  wird  dann 
das  EiweiB  mittels  Pikrinsaure  und  Essigsiiure  entfernt.  Das 
eiweiBfreie  Filtrat  enthalt  neben  anderem  auch  die  Thymonuclein- 
saure  und  die  Guanylsaure.  Um  diese  zu  trennen,  wird  in 
das  Filtrat  eine  25°/Qige  Bleizuckerlosung  eingetragen,  solange 
sich  noch  ein  Niederschlag  bildet.  Dieser  Niederschlag  enthalt  das 
Bleisalz  der  Thymonucleinsaure,  mit  dem  noch  etwas  Guanyl- 
saure und  Guanosin  mitgerissen  w^erden  konnen.  Um  diese  zu 
entfernen,    wird    der    Bleizuckerniederschlag    mit    Wasser    aus- 
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gekocht,  hei(3  filtriert  und  dieses  Filtrat  mit  dom  ersten  Filtrate 
vom  Bleiziicl^erruederschla^o  vereinigt.  In  diesen  Filtraten 
bildct  sicli  iiacli  Ziigabe  von  Ammoniak  ein  -/winter  Nieder- 
sclilag,  d(M-  je  nach  (ier  Driiso  aus  einer  Bleivc^bindung  ent- 
weder  der  Ouanylsaure  oder  der  Guanylsaure  und  des  (iuanosins 
hesteht.  Urn  diese  in  Freiheit  zu  setzeii,  wird  die  Bleiver- 
bindung  in  Wasser  suspendiert  und  durcl»  die  kocbendheiBe 
Suspension  wird  Scdiwefelwasserstofr  geleitet.  Die  vom  Blei- 
sultid  abfiltricrte  Losung  wird  bei  vcrmindertem  Druck  und 
etwa  bei  60°  C  bis  zu  dicker  Konsistenz  eingedampft  und  im 
Kalteraum  bei  1"  C  steben  gelassen.  Es  scbeidet  sicb  da- 
bei  ein  Niederscblag  ab,  der  je  nach  der  Driise  entweder 
aus  roher  Guanylsaure  oder  auch  aus  Guanosin  besteht. 
Wenn  der  Niederscblag  aus  einem  Gemische  der  zwei  Sub- 
stanzen  besteht,  konnen  diese  leicht  auf  die  folgende  Weise 
getrennt  werden.  Das  Rohprodukt  wird  mittels  eines  Uber- 
schusses  von  Ammoniak  in  heiBem  Wasser  gelost  und  auf  einer 
Nutsche  lieiB  in  Alkohol  filtriert.  Es  blldet  sich  dabei  ein 
Niederscblag  des  Aramoniumsalzes  der  Guanylsaure;  das 
Filtrat  enthalt  das  Guanosin.  Wird  das  Filtrat  bei  vcr- 
mindertem Druck  eingedampft,  so  scheidet  sich  das  Guanosin 
in  langen  primatischen  Nadeln  ab.  Zur  Analyse  braucht  die 
Substanz  nur  einmal  aus  verdiinntem  (etwa  60°/Qigem)  Alkohol 
umkrystallisiert  zu  werden. 

0,1330  g  der  lufttrocknen  Substanz  haben  nach  dem  Trocknen 
im  Toluolbad  liber  Phosphorsaureanhydrid  0,0160  g  an  Gewicht 
verloren. 

0,1165  g  Substanz  gaben  0,1818  g  COg  und  0,0510  g  H^O; 
fiir  C,,H,3NA^2H,0: 

Ber.:  0  =  42,40       H  =  4,59       H,0  =  11,84 
Gef.:   0  =  42,55       H  =  4,86       H^O  =  12,03 

Die  Substanz  gab  eine  starke  Orcinprobe;  bei  der  Hy- 
drolyse  mittels  verdiinnter  Mineralsauren  erhalt  man  Guanin. 
Fehlingsche  Losung  wurde  reduziert. 

Der  Niederscblag,  der  bei  dem  Behandeln  der  ammonia- 
kalischen  Losung  mittels  Alkohol  entstanden  ist,  bestand  aus 
Ammoniumsalzen  der  Guanylsaure.  Zur  Reinigung  lost  man 
die  Substanz  in  verdiinnter  Alkalilosung  und  fallt  mit  Alkohol. 
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Solclie  Praparate  sind  biuretfrei  und  wurden,  wie  ich  schon 
erwiihnt,  zur  Hydrolyse  fiir  die  Darstellung  des  Guanosiiis  ge- 
brautht.^)  Es  ist  una  bis  jetzt  nicht  gelungen,  Priipaiate  von 
konstanter  Zusanimensetzung  zu  gewinnen.  Das  beste  Praparat, 
als  Bariumverbindung  dargestellt ,  enthielt  7,25  "/^  P  und 
15,40"/o  N  auf  bariumfreie  Substanz  berechnet.  Die  Theorie  fur 
H2P03.CioHi20,N3  verlangt  P  =  8,47;  N  =  19,187o.  Da  das 
Verhaltnis  von  Stickstotl"  zum  Phosphor  im  gefundenen  Pra- 
parate dem  theoretischen  fast  gleich  war,  so  ist  es  moglich, 
daB  die  Bariumverbindung  noch  mit  anderen  anorganischen 
Substanzen  verunreinigt  war. 

Wir  sind  jetzt  mit  der  Ausarbeitung  einer  Methode  zur 
Gevvinnung  der  Guanylsiiure  von  konstanter  Zusammensetzung 
beschiiftigt. 


1)  Levene  und  Jacobs,  Ber.  d.  Deutsch.  chem.  Ges.  42,2469,  1909. 
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tjbcr  den  Eiiil'lu({  dcr  Konzentratioii  dci'  Hydroxylioncn 

in  eiiior  Cldornatriiiinlosuii^  uiif  die  relative  ent^ifteiide 

Wirkmig  von  Kalimii  und  Cjdeium. 

Von 
Jacques  Loeb. 

(Aus  dem  Rockefeller-Institut  in  New  York.) 

(Eingegangen  am  17.  August  1910.) 

Die  Versuche  der  letzten  Jahre  haben  gezeigt,  daB  Calcium 
und  Kalium  allgemein  die  Giftwirkung  einer  Chlornatriumlosung 
hemmen.  Die  schlagendsten  Versuche  in  dieser  Richtung  sind 
vielleicht  von  Osterhout  an  SiiBwasserpflanzen  und  Weizen 
angestellt,  in  denen  es  sich  ergab,  daB  man  diese  Pflanzen  in 
Kochsalzlosungen  von  hoherer  Konzentration  ziichten  kann, 
wenn  man  nur  Kalium  oder  Calcium  zufiigt.  Es  ist  nunmehr 
die  Aufgabe  zu  losen,  in  den  Mechanismus  dieser  Entgiftungs- 
vorgange  weiter  einzudringen.  In  dieser  Arbeit  will  ich  den 
Nachweis  fiihren,  daB  Calcium  und  Kalium  anscheinend  in 
verschiedene  chemische  Vorgange  eingreifen;  es  laBt  sich  nam- 
lich  zeigen,  daB  Calcium  vorwiegend  bei  einer  hoheren  Kon- 
zentration der  Hydro xylionen  der  Chlornatriumlosung  \virkt, 
Kalium  dagegen  bei  einer  niedrigeren;  mit  anderen  Worten: 
fiir  das  fiir  unsere  Versuche  gewahlte  biologische  Objekt  —  be- 
fruchtetes  Ei  von  Strongylocentratus  purpuratus  —  iibt  Calcium 
seine  vorwiegende  entgiftende  Wirkung  in  einer  alkalischen, 
Kalium  dagegen  in  einer  neutralen  und  schwach  sauren  Chlor- 
natriumlosung aus.  Als  neutral  betrachten  wir  eine  Losung, 
die  folgender  Bedingung  geniigt:  50  ccm  der  Losung  geben  mit 
einem  Tropfen  einer  ^/j^Q-Neutralrotlosung  eine  rote  Farbe,  die 
ins    Gelbhche    umschlagt,     wenn     man    1    bis    2  Tropfen    einer 


177  Jacquea   Loeb: 

n»/^j,a-NaH()-Loaung  zufugt.     Dieser  Farbenuinschlag    ist  wegen 
der  Kohleiisaureabsorption  aus  der  Luft   iiicht  dauernd. 

Die  frisch  befruchteteii  Eier  eines  Weibchens  warden  stets 
in  folgende  4  Losuni<en  verteilt: 
1.  50ccm  '"/g-NaCl 

2.50    „  ,.  +  0.7  ccm  Vg  ni-^a^\ 

3.  50    ,.  „  +1,1  ccm"»/,-KCl 

4.50    .,  „  +1,1    „  „        +  0,7  com  7a  m-CaCl^. 

Das  Vei'haltnis  der  drei  erwahnten  Salze  entspricht  dem- 
jenigen  des  Seevvassers.  Die  Konzentration  ist  die  optimale 
fur  die  Entwicklung  der  Eier.  Nach  versehiedenen  Intervallen 
wurden  die  Eier  aus  diesen  Losungen  in  normales  Seewasser 
iibertragen  und  der  Prozentaatz  der  iiberlebenden,  d.  h.  sich 
entwickelnden  Eier  bestimmt. 

Die  erwahnten  Losungen  waren  neutral,  und  um  sie  sauer 
Oder  alkalisch  zu  machen,  werden  kleine  Mengen  HCl  (oder 
Buttersaure)  oder  NaHO  zugefiigt.  Wir  geben  die  Resultate 
einiger  Versuche  in  Tabellenforni  wieder. 

Zum  Verstandnis  der  Tabellen  sei  erwahnt,  daB  unter 
Expositionsdauer  die  Zeit  verstanden  wird,  wahrend  der  die 
Eier  in  den  erwahnten  vier  Salzlosungen  blieben.  Die  Tabelle 
gibt  den  Prozentsatz  der  Eier  an,  die  sich  nach  der  t)bertragung 
in  Seewasser  zu  schwimmenden  Larven  entwickelten. 

Tabelle  I. 
Neutrale  Losungen. 


Expositions- 
dauer 


9  Stunden 

177-2     .. 
36 


Xatur  der  Losung 
Na  Na  4-  K  Na  +  Ca       Na  +  K  +  Ca 

Vo  I  %  i  Vo  I  % 


60  90 

0  i  90 


50  100 

0  95 


0  einige  Larven  0  [einige  Larven 


Man  sieht  also,  daB  in  dieser  neutralen  Losung  die  ent- 
giftende  Wirkung  des  K  +  Ca  hauptsachUch  auf  das  Kalium 
zuriickzufiihren  ist  und  daB  das  Calcium  dabei  nur  eine  unter- 
geordnete  Rolle  spielt. 

Eier  desselben  Weibcliens  wurden  in  dieselben  4  Losungen 
verteilt,    die    durch    Zusatz    von    je  0,2  ccm  "/jo-NaHO    zu   je 
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50  ccni   (Icr    L(")suiil:;   alkaliscli   gemaclit    waicii.      Talx-llc  J I   ent- 
halt  das    Kcsultat. 

Tahcllc   II. 
Alkalischo  Ijosun^en  ("/grjoo'NaHO). 


Natiir  del 

•   Losiin;4 

f^i  N  posit  ions- 
daucr 

Na 

Na+K 

Na  +  Ca 

Na  4-  K  +  Ca 

Vo 

7o 

7o 

7o 

2  Stunden      .    . 

40 

60 

90 

100 

3  Std.  22  Min.  . 

1 
I 

5 

00 

100 

5     „      45     „      . 

0 

6 

5 

100 

9     „        .... 

0 

0 

0 

25 

Zwei  Tatsachen  sind  in  dieser  Zusammenstellung  deutlich, 
namlich  erstens,  daB  die  entgiftende  Wirkung  von  Ca  in  einer 
alkalischen  Chlornatriumlosung  groBer  ist  als  die  von  K,  und 
zweitens,  daB  die  entgiftende  Wirkung  von  K  -j-  Ca  groBer  ist 
als  die  Summe  der  Einzelwirkung  von  K  und  Ca. 

Eine  dritte  Portion  der  Eier  desselben  Weibchens  wurde 
in  dieselben  4  Losungen  verteilt,  die  aber  durch  Zusatz  von 
je  0,2  ccm  "^/jo-HCl  sauer  gemacht  waren. 

Tabelle  III. 

Saure  Losungen  (725oo-^Cl). 


Expositions- 
dauer 


Natur  der  Losung 

Na  I      Na  +  K  Na  +  Ca  i  Na  +  K  +  Ca 

0/  0/  !  0/  0/ 

/o  /o  I  /o  /o 


95  Minuten 
116         „ 
136        „ 
176 


80 
2 
0 
0 


90 

15 

6 

0 


70 
2 
0 
0 


96 

25 

8 

0 


Wie  in  der  neutralen  Losung  ist  die  entgiftende  Wirkung 
des  Calciums  relativ  gering,  wahrend  die  des  Kaliums  sehr 
deutlich  ist.  Aber  auch  hier  ist  die  entgiftende  Wirkung  von 
K  -f-  Ca  groBer  als  die  Summe  der  entgiftenden  Wirkungen, 
die  jedem  der  beiden  Bestandteile  allein  zukommt. 

Ich  habe  eine  sehr  groBe  Zahl  von  Versuchen  iiber  diesen 
Gegenstand  angestellt,  die  alle  das  Gesagte  bestatigen  und  deren 
Mitteilung  in  extenso,  abgesehen  von  der  Miihe  des  Schreibens 
resp.  Lesens,  dem  Gesagten  wenig  zufiigen  konnte.  Ein  paar 
Tabellen  soUen  aber  hier  zur  weiteren  Illustration  doch  folgen. 
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Tabelle  IV. 

Saure  Lciaungen  C/sooo-H^'U- 


Expositiona- 
dauer 


Na 

/o 


Natur  der  Losung 
Na  -h  K  Na  +  Ca 

/o  I  /o 


Na  +  C'a  +  K 

0/ 

/o 


60  Minuten 
100         „ 
132 


100 

10 

0 


100 
30 

0 


100 

10 

0 


100 

75 

0 


Ein  Teil    der  Eier    desselben  Weibchens    war    in    die  ent- 
spreehenden  alkalischen  Losungen  gebracht  worden. 


Tabelle  V. 

Alkalische  Losungen  ("/jooQ-NaHO). 


Expositions- 
dauer 


Na 
/o 


Natur  der  Losung 
Na  +  K  Na  +  Ca 

0/  i  0/ 

/o  /o 


Na  +  K  +  Ca 

0/ 

/o 


2  Stunden      . 

4V2     „ 


0 


100 

1 


100 

100 


Nebenbei  soil  auch  dieser  Versuch  illustrieren,  daB  die  bei 
den  Eiern  verschiedener  Weibchen  gewonnenen  Resultate  nicht 
immer  von  derselben  GroBenordnung  sind.  Das  kann  aber 
vielleicht  auch  daran  liegen,  daB  die  Zeit  zwischen  Befruchtung 
und  dem  Einbringen  der  Eier  in  die  abnorme  Losung  nicht 
immer  die  gleiche  war  und  daB  dieser  Unterschied  fiir  die  Gift- 
wirkung  alkahscher  Losungen  (und  vielleicht  auch  saurer)  nicht 
ohne  Bedeutung  ist. 

Die  hier  gemachten  Beobachtungen  werden  nun  durch 
folgende  Tatsachen  erweitert  und  gestiitzt.  Wenn  man  frisch 
befruchtete  Eier  von  Arbacia  in  eine  neutrale  Mischung  von 
50  ccm  '»/2-NaCl+ 1,1  ccm  ^/g-KCl  bringt,  so  entwickeln  sich 
dieselben  bis  zum  64.  Zellstadium ;  macht  man  die  Losung 
schwach  alkalisch,  so  gehen  die  Eier  rasch  an  Cytolyse  zugrunde. 

Bringt  man  solche  Eier  aber  in  eine  neutrale  Mischung  von 
50  ccm  ""/g-NaCl  -f-  0,8  ccm  ^/g  m-CaCl^  >  so  furchen  sich  meist 
nur  etwa  25  "/^  der  Eier  von  Arbacia,  und  die  Furchung  geht 
meist  nicht  iiber  das  Vierzellenstadium  hinaus.  Fiigt  man  der 
Losung  aber  etwas  NaHO  zu,  so  furchen  sich  alle  Eier  von 
Arbacia,  und  die  Furchung  geht  bis  zum   16.  Zellstadium  oder 
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noch  wcitcr.  Audi  das  stiitzt  die  Ansiclit,  daB  die  eut^iftende 
Wirkung  von  ('alcium  sich  wcscntlich  (aber  nicht  ausHcldicBlich) 
auf  solclio  Prozcsse  geltond  macht,  die  bei  alkaliscli(;r  Jieaktion 
der  Chlornatriuiulosung  stattfinden ,  wahrend  die  entgifteude 
Wirkung  von  K  sich  wesentlich  (aber  niclit  ausschlieBlich)  bei 
solclien  Prozessen  geltend  macht,  die  sich  bei  neutraler  oder 
schwach  saurer  Reaktion  der  Chlornatriumlosung  im  Seeigelei 
abspielen. 

Zusammenfassun^  der  Resultate. 

1.  Bei  einer  neutralen  oder  schwach  sauren  Reaktion  wird 
eine  Chlornatriumlosung  besser  durch  Kalium  als  durch  Calcium 
entgiftet;  bei  einer  alkalischen  Reaktion  der  Chlornatriumlosung 
ist  die  entgiftende  Wirkung  von  Calcium  deutlicher  als  die  von 
Kalium. 

2.  In  alien  Fallen  ist  die  entgiftende  Wirkung,  die  durch 
den  Zusatz  von  K  -^  Ca  zur  Chlornatriumlosung  hervorgerufen 
wird,  groBer  als  die  Summe  der  entgiftenden  Wirkungen,  die 
stattfinden,  wenn  die  beiden  Stoffe  einzeln  zugefiigt  werden. 

3.  Zusatz  von  etwas  Alkali  zu  einer  neutralen  Mischung 
von  NaCl  -|-  KCl  macht  die  Losung  gif tiger,  wahrend  derselbe 
Zusatz  zu  einer  neutralen  Mischung  von  NaCl  -j-  CaCla  die 
Losung    giins tiger    macht    fiir  die  Entwicklung  des  Seeigeleies. 

4.  Die  erwahnten  Resultate  beziehen  sich  auf  Versuche 
am  befruchteten  Seeigelei. 


AP  *  ^^ 
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From    the    Department  of  Pbysioloo;y  and  Pharniaco- 
lo<ry  oi  the  Ixoekefeller  Institute  for  Medical  Research. 

Experimentelle  Erfahrungen  iiber  die  Behand- 

lung    von    Strychninvergiftung    mit    Hilfe    der 

intratrachealen  Insufflation. 

Von 

A.  0.  Shaklee, 

Professor    of   Pharmacology    at    the   Philippine   Medical   School,    Manila, 
und  S.  J.  Meltzer-New  York. 

Vor  mehreren  Monaten  ist  von  dera  einen  von  uns  (Meltzer) 
die  Methode  der  kontinuierlichen  intratrachealen  Insufilation  in  dieser 
Wochenschr  ,1910,  No.l3,  des  naheren  beschrieben  worden.  In  dieser 
Mitteilung  wurde  u.  a.  darauf  hingewiesen,  dass  die  betreffende 
Methode  nicht  niir  in  der  Chirurgie,  z.  B.  bei  intrathorakalen 
Operationen  oder  fiir  die  Aethernarkose,  Anwendung  finden  konne, 
sondern  auch  in  der  Doraane  der  inueren  Medizin  praktische 
Dienste  zu  leisten  imstande  sein  diirfte,  und  es  wurde  erwahnt, 
dass  das  Studium  der  Brauchbarkeit  dieser  Methode  bei  Strychnin- 
vergiftung von  uns  in  Angriff  genommen  wurde.  Inzwischen  haben 
wir  eine  Reihe  der  erwahnten  Versuche  voilendet  und  wollen  im 
folgenden  unsere  Resultate  in  aller  Kiirze  mitteilen. 

Die  bier  mitzuteilenden  Versuche  sind  alle  an  Hunden  an- 
gestellt  worden.  Die  Einverleibung  des  Strychnins  (gewohnlich 
das  Nitrat)  geschah  stets  intravenos.  Die  lethale  Dose  des 
Strychnins  bei  diesem  xModus  der  Applikation  soil  nach  der  An- 
gabe  der  Handbiicher  fiir  den  Hund  0,2  mg  pro  Kilogramm  be- 
tragen.  Nach  unserer  Erfahrung  kann  sich  ein  Tier  noch  nach 
0,3  BQg  erholen.  Wir  haben  deswegen  fiir  unsere  Kontrollversuche 
0,4  mg  pro  Kilogramm  als  sicher  totende  Dose  gewahlt.  Wir 
konneu  nun  sagen,  dass  alle  10  Hunde  (Kontroll  versuche), 
den  en  0,4  mg  Strychnin  pro  Kilogramm  intravenos  ein- 
gespritzt  wurden  und  sich  selbst  iiberlassen  blieben, 
in  weniger  als  einer  Stunde  dem  Gifte  erlagen. 

Die  Todesursache  bei  Strychninvergiftung  ist  in  erster  Linie 
wohl  Asphyxie.  Wiihrend  eines  tetanischen  Anfalles  kann  natiir- 
lich  keine  Lungenventilation  zustande  kommen,  und  bei  lang- 
dauernden  tonischen  Kiiinipfen,    unterbrochen  von  nicht  hiiufigen, 
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kurzdauernden  Krschlaffurigen,  muss  das  Kespiratioiiszentruiii 
schliesslich  auch  w^hreiid  der  I'ause  unfahig  werden,  gehftrig  zu 
funktionieien.  Danach  diirtte  man  erwarteii,  dass  eine  Methode, 
welche  die  Lungenventilatioii  auch  bei  stillstehendem  Thorax  be- 
sorgeu  kann,  bei  Strychninveigifturjg  von  wesentlichem  Nutzen 
sein  di'irfte.  Unsere  Versuche  tielen  jedoch  negativ  aus.  Bei 
Benutzung  der  oben  erwahuten  Dose  von  Strychnin 
(0,4  mg  pro  Kilogramm)  vermochten  wir  mit  der  intra- 
trachealen  Insufflation  all e in  weder  die  Konvulsionen 
zu  unterdriicken,  noch  den  Tod  des  Tieres  abzuwenden. 
Wohl  konnten  wir  die  mit  0,4  rag  pro  Kilogramm  behandelten  Tiere 
manchmal  durch  Insufflation  wieder  zuriick  zum  I.eben  bringen; 
aber  mit  der  W  iederbelebung  kamen  auch  die  Krampfe 
zuriick.  Wir  wollen  indessen  an  dieser  Stelle  weder  auf  die 
Einzelheiten  dieser  Ergebnisse,  noch  auf  eine  theoretische  Er- 
orterung  derselben  niiher  eingehen.  Wir  beabsichtigen  vielraehr 
andere,  positive  Ergebnisse  vorzubringen,  denen  auch  ein  ge- 
wisses  praktisches  Interesse  zukommen  diirfte.  Auf  Grund  der 
Annahme,  dass  die  hcftigen  Muskelcontractionen  an  sich  zum 
Tode  des  Tieres  beitragen  konnteii  (durch  Erschopfung,  giftige 
Stoffwechselprodukte  etc.),  haben  wir  iiamlich  versucht,  das  Leben 
des  Tieres  dadurch  zu  erhalten,  dass  gieichzeitig  mit  der  In- 
sufflation auch  fiir  die  Abschaff'ung  der  Konvulsionen  gesorgt 
wurde.  Dies  wurde  in  einer  Reihe  von  Versuchen,  deren  Resultate 
zunacbst  berichtet  werden  soil,  durch  ('urare  bewerkstelligt. 

Insufflation  und  Gurare. 

Der  Gedanke,  Gurare  bei  Strychninvergiftung  zu  verwenden, 
ist  natiirlich  nicht  neu.  Zunachst  tauchte  sogar  die  Annahme 
auf,  dass  Gurare  ein  direktes  Gegengift  des  Strychnins  ware 
(Harley,  Veil  a  u.  a.).  Diese  Idee  wurde  aber  widerlegt 
(Vulpian,  Pelikan  u.  a.)  und  definitiv  fallen  gelassen.  Dann 
machte  sich  der  Vorschlag  geltend,  (Jurare  gegen  Konvulsionen 
in  solchen  massigen  Dosen  zu  gebrauchen,  welche  die  Krampfe 
massigen,  die  Atmung  aber  nicht  bedrohen.  Fiir  Tetanus  und 
Tollwut  wird  dieser  Vorschlag  bis  in  die  neueste  Zeit  hinein 
in  den  Lehrbiichern  erwahnt  und  ab  und  zu  praktisch  versucht, 
fiir  Strychninvergiftung  wurde  er  jedoch  nie  ernstlich  in  Betracht 
gezogen. 

Richter^)  und  Me  issuer  haben  jedoch  eine  Untersuchung 
veroff'entlicht,  wonach  es  ihnen  gelungen  sein  soil,  mit  Hilfe  von 
Gurare  und  kiinstlicher  Atmung  manche  Tiere  von  schweren 
Strychnin vergiftungen  zu  retten.  Diese  Versuche,  welche  vor 
nahezu  einem  halben  Jahrhundert  publiziert  wurden,  sind  unseres 
Wissens  von  niemandem  nachgepriift  oder  wiederholt  worden.  In 
mauchen  Handbuchern  wird  diese  Methode  andeutungsweise  er- 
wahnt, aber  nur,  urn  vor  ihr  zu  warnen  —  wegen  der  dazu 
notigen  Tracheotomie  und  der  Gefabr  einer  Lungeninfektion. 


1)  Richter,  Zeitschr.  f.  rationelle  Med.,  18G3,  Bd.  18,  S.  71. 
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Unsere  Versuche  gestalteton  sich  in  folgender  Weise:  Nach- 
dem  das  Tier  iithcrisieit  und  auf  dem  Operationstiscli  b(.'fc'stigt 
war,  wiirde  eiii  Gumniischlauch  durch  ihn  [larynx  ir)  die  Trach<'a 
vorgesclioben,  bis  er  auf  einen  Widerstand  stieifs  (tief  in  eineru 
BroiicliMs),  daraufhiii  wiirde  er  so  weit  zuriickgezogen,  dass  das 
uiitere  Kiide  etwa  der  Ilohe  der  Bifurkation  entsprach.  Das 
heraushaiigende  Kmla  wiirde  mit  einer  Flasche  vorbuiul(;n,  vvelclic 
Aether  eiithielt  und  durch  welche  ein  fast  konstantor  Luftstrom 
getrieben  wurde.  Wiihrend  das  Tier  noch  in  der  Narkose  lag, 
wurdc  eine  Kaniile  in  eine  Jugularvene  eingebunden,  darauf 
der  Aether  abgesetzt  und  ein  Strom  reiner  Luft  durch  die  Luft- 
rohre  getrieben.  Jetzt  wurde  durch  die  Kaniile  die  gewahlte 
Dose  Strychnin  eingespritzt;  die  tetanisclien  Krampfe  setzten 
gewohnlich  ein,  noch  bevor  die  ganze  Giftmenge  eingespritzt 
wurde.  Wenige  Minuten  spater  wurde  Curarin  (Sulphat,  Schuchardtj 
eingespritzt,  und  zwar  soviel,  als  gerade  zur  Beseitigung  der 
Konvulsionen  notig  war,  selten  mehr  als  1,5  nag  pro  Kilogramm 
als  initiale  Dose.  Das  Tier,  welches  auf  einem  elektrischen 
Termophor  gelagert  war,  wurde  ausserdera  noch  in  Watte  ein- 
gehiillt  uud  in  Ruhe  gelassen.  Der  Herzschlag  war  dann  das 
einzige  Lebenszeichen. 

Diesen  Versuchen  liegt  der  einfache  Gedanke  zugrunde,  das 
Tier  so  lange  mit  kiinstlicher  Atmung  und  ohne  Konvulsionen  zu 
erhalten,  bis  der  gefahrliche  Ueberschuss  von  Strychnin  inzwischen 
aus  dem  Korper  eliminiert  wurde.  Die  Elimination  des  Strych 
nins  geschieht  hauptsachlich  durch  die  Nieren.  Wir  haben  aber 
bereits  bei  anderen  Gelegenheiten  bemerkt,  dass  Curare  die  Harn- 
sekretion  beeintrachtigt.  Um  diese  zu  fordern,  haben  wir  daher 
in  vielen  Versuchen  im  Laufe  des  Experiments  variable  Mengen 
einer  Ringerlosung  intravenos  infundiert.  (In  vielen  Versuchen 
wurden  den  Tieren  kleine  Dosen  Atropin  eingespritzt,  um  die 
Vaguswirkung  aufs  Herz  auszuschalten.) 

Wir  haben  oben  angegeben,  dass  0,4  rag  Strychnin  pro  Kilo- 
gramm in  unseren  Versuchen  sich  als  eine  sicher  totende  Dose 
erwiesen  hat,  und  dass  alle  10  Hunde,  welche  diese  Dose  Strychnin 
intravenSs  erhalten  haben,  in  weniger  als  einer  Stunde  zugrunde 
gingen.  Der  Wert  der  Behandlung  von  Strychninvergiftung  mit 
Hilfe  von  Insufflation  und  Curarin  wurde  nunmehr  an  33  Tieren 
studiert.  Die  bei  diesen  Tieren  gebrauchten  Dosen  von  Strychnin 
war  en  in  alien  Fallen  grosser  als  die,  welche  bei  den 
Kontrolltieren  gebraucht  wurde.  Je  nach  der  Grosse  der 
gebrauchten  Dose  von  Strychnin  lassen  sich  die  Versuchstiere 
ungefahr  in  vier  Gruppen  einteilen.  Die  erste  Gruppe  umfasst 
6  Hunde,  welche  0,5  mg  Strychnin  per  Kilogramm  enthielten; 
die  zweite  Gruppe  erhielt  0,8  mg  Strychnin  per  Kilogramm  und 
umfasst  22  Tiere  (genauer:  8  erhielten  0,75  und  IG  erhielten 
0,8  mg),  8  Tiere  erhielten  0,9  mg  und  endlich  2  Tiere  1,0  mg 
Strychnin  pro  Kilogramm.  Das  Resultat  war,  wie  folgt:  Von 
den  6  Hunden,  welche  0,5  mg  Strychnin  pro  Kilogramm  erhielten, 
konnte    nur    einer    nicht    gerettet   werden.     Von  den  22  Hunden, 
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welche  0,8  nig  Strychnin  pro  Kilogranim,  also  das  Doppelte  der 
tOdlichen  Dose,  eihielten,  blieben  13  am  I.eben  und  'J  gingen  zii- 
grunde.  Von  den  Tieren,  vvelche  0,'J  und  1,0  mg  Strychnin  pro 
Kilogramui  erhielten,  gingen  alle  5  zugrunde. 

Den  Eindruck,  welchen  man  von  diesen  Zahleu  erhalt,  ist 
zuniichst  wohl  der,  dass  man  niit  Hilfe  der  Insufflation 
und  Curarin  gewisse  sicher  todliche  Dosen  von  Strychnin 
in  der  Tat  iiberwinden  kann,  dass  aber  die  Chancen  fur 
eine  Errettung  von  der  Vergiftung  um  so  geringer  werden, 
je  grosser  die  gebrauchte  Dose  Strychnin  ist. 

So  sieht  man,  dass  bei  0,5  mg  pro  Korpergewicht  von 
6  Hundeu  5  gerettet  werden  kounten;  bei  0,8  mg  pro  Kilogramm 
siud  uur  13  von  22  und  bei  0,9  mg  pro  Kiliogramm  und  dariiber 
gar  keine  Tiere  gerettet  werden  konnten.  Diese  Schlussfolgerung 
ist  im  allgemeinen  auch  richtig.  Eine  niihere  Analyse  der  Ver- 
haltnisse  zeigt  jedoch,  dass  im  einzelnen  das  Ergebnis  sich  noch 
giinstiger  gestaltet  hat.  Nehraen  wir  z.  B.  die  grosste  Gruppe 
von  Versuchstieren,  bei  denen,  wie  erwahnt,  0,8  mg  pro  Kilo- 
gramm, also  das  Doppelte  der  sicher  todlichen  Dose  Strychnin 
zur  Verwendung  kam,  da  sind  von  22  Huuden  9  gestorben.  Von 
diesen  9  Misserfolgen  jedoch  miissen  zunachst  3  bestimmt  abge- 
zogen  werden,  weil  die  Misserfolge  in  diesen  Fallen  in  ganz 
nebensachlichen,  sicherlich  vermeidbaren  Zufallen  ihren 
Grund  haben  (Unterbrechung  der  Schlauchverbindung  usw.)  Es 
stehen  also  den  13  Erfolgen  nur  G  Misserfolge  gegeniiber.  Aber 
auch  fur  diese  letzteren  miissen  folgende  mildernde  Urastiindc  in 
Betracht  gezogen  werden.  Erstens  sind  fast  alle  Misserfolge 
zu  Beg  inn  der  Versuchsreihe  vorgekommen,  also  zu  eiuer 
Zeit,  als  die  notigen  Vorsichtsmaassregeln  noch  nicht  geniigend 
ausgearbeitet  waren.  Von  wesentlicher  Bedeutung  ist  die  Tat- 
sache,  dass  wohl  in  den  meisten  dieser  Fillle  der  intratracheale 
Schlauch  zu  klein  genommen  wurde.  Die  Ventilation  ist  dann 
mehr  oder  weniger  insuffizient  gewesen  und  es  trat  allmiihlich 
eine  Art  chronische  Asphyxie  des  Herzens  eini). 

1)  In  der  erwiihnten  Mitteilung  habe  ich  den  Rat  gegeben,  den 
Schlauch  lieber  zu  klein  als  zu  gross  zu  nehmen.  Damals  hatte 
ich  namlich  intrathorakale  Operationen  im  Auge,  wobei  die  Tiere  selber 
atmen:  dabei  kommt  es  nicht  so  sebr  darauf  an,  wie  ausgiebig  die 
Insufflation  sei.  Anders  aber  steht  es  mit  Tiereii,  die  selber  nicht 
atmen  konnen,  wie  es  bei  curarisierten  Tieren  der  Fall  ist.  Da  darf 
der  riicklaufige  Strom  nicht  mit  zu  grosser  Leichtigkeit  entweicben, 
sonst  ist  die  Ventilation  ungeniigend.  Die  Unterbrechung  darf  auch 
nicht  zu  kurz  dauernd  sein:  sonst  kommt  tatsachlich  gar  kein  Lungen- 
collaps  zustande.  —  Mein  Rat  ist  jetzt  daher,  die  Rohre  auch  nicht 
zu  klein  zu  nehmen.  Zeigt  es  sich  bei  der  Insufflatiou,  dass  der 
Brustkorb  oder  das  Abdomen  durch  die  Insufflation  uur  wenig  gehoben 
wird,  oder  zeigt  es  sich  beim  oft'enen  Thorax,  dass  die  Lungen  nur 
wenig  durch  die  Insufflation  gedehnt  gehaltcn  werden,  dann  soli  diese 
Rohre  herausgenommen  und  eine  grossere  eingefiihrt  werden.  Fiir  nicht 
asphyktische  Individuen  hat  der  Schlauchwechsel  nicht  den  geringsten 
Nachteil.  S.  J.  Meltzer. 
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Fcrncr  cigab  sicli  bei  dvv  Analyse,  (lass  hoi  5  von  den 
()  Misserfol^;en  nur  ganz  kleine  (^luantitiltcn  von  Rinj^er  iiifundiert 
\viird(M),  wiihrend  iin  (5.  Fall  nni^ckehrt  (li(^  ir)ftni(licrt(5  <^^llatltit:it 
vie!  zii  ^ross  war  (versiiclisweise)  —  2000  ccrn  Riiif^(!r  bei  einer 
Hlutmonj^e  von   hochstens  SOOccm! 

Wir  l)ab<Mi  dciniiach  gute  (iriiiide  fiir  die  Aniiahme,  dass 
anch  die  (J  Misscrfoige  in  der  Gruppe  von  2'J  'Pieron  vormeid- 
baren  Ursachen  ihrer  Kntstehung  zu  verdanken  hab(;ii,  iind  dass 
vielleicht  wirklich  alle  Falle  von  Vergiftungen  mit  0,H  mg 
Strychnin  pro  Kilogramni  (zweifach  der  todlichen  Dosis)  mit 
Hiife  von  intratracliealer  Insufflation  und  Curarin  gerettet  werden 
konnen. 

In  iinseren  wenigen  Versuchen  mit  Dosen  von  0,9  und  1  0  mg 
pro  Kilogramni  konnte  keines  der  Tiere  gerettet  werden.  Die 
Zahl  dieser  Versuche  ist  zu  klein,  um  aus  ihnen  einen  definitiven 
Schluss  Ziehen  zu  diirfen;  ausserdera  waren  sie  auch  nicht  ganz 
frei  von  Komplikationen,  auf  deren  Firorterung  wir  hier  nicht  ein- 
gehen  wollen.  Wir  diirfen  jedoch  mit  grosser  Wahrscheinlichkeit 
annehmen,  dass  bei  Vergiftung  mit  Strychnindosen,  welche  1,0  mg 
pro  Kilogramm  und  dariiber  betragen,  die  Behandiung  mit  Insuf- 
flation und  Curarin  von  nur  geringem  Nutzen  sein  wird.  Auf  eine 
genauere  Erorterung  dieser  Frage  brauchen  wir  uns  um  so  weniger 
einzulassen,  als  in  praktischer  Hinsicht  ein  Individuura,  welches 
innerhalb  seiner  Zirkulation  etwa  1,0  mg  Strychnin  pro  Kilogramm 
beherbergt,  wahrscheinlich  tot  sein  wird,  bevor  der  Versuch  einer 
Rettung  instituiert  werden  konnte.  Bei  den  in  der  Literatur  ver- 
zeichneten  Fallen  von  Erholungen  von  Vergiftung  mit  grossen 
Strychnindosen  handelte  es  sich  wohl  um  verzogerte  Resorption 
des  Giftes  aus  dem  Magendarmkanal. 

In  unsereu  erfolgreichen  Experimenten  vergingen  mehrere 
Stunden,  bevor  die  Insufflation  unterbrochen  und  das  Tier  vom 
Operationstische  entfernt  werden  durfte.  Die  kiirzeste  Zeit  betrug 
3  Stunden,  die  langste  Zeit  7,5  Stunden.  Fiir  die  Tiere  mit  0,8  mg 
pro  Kilogramm  betrug  die  Darchschnittszeit  ungefahr  5  Stunden; 
fiir  die  Tiere  mit  0,5  mg  pro  Kilogramm  betrug  sie  3,5  Stunden. 
Ira  allgemeinen  diirfen  wir  sagen,  dass,  je  grosser  die  Menge  der 
eingespritzten  Ringerlosung  war,  desto  friiher  die  Insufflation  unter- 
brochen werden  durfte.  Die  Infusion  mit  Ringer  beschleunigt 
niimlich  die  Elimination  des  Curare  sowohl  als  die  des  Strychnins, 
wodurch  dann  die  spontane  Atmung  sich  wieder  einstellt,  wahrend 
die  gefahrlichen  Konvulsionen  nicht  wieder  erscheinen.  Die  Eli- 
rainationen  beider  Gifte  gehen  jedoch  oft  nicht  parallel,  d.  h.  das 
Curare  wird  rascher  eliminiert  als  das  Strychnin.  In  dies  en 
Fallen  fiihrte  die  Infusion  zu  einem  grosseren  Verbrauch 
von  Curare.  Uebrigens  schien  es,  wenigstens  bei  den  kleineren 
Dosen  von  Strychnin,  dass  die  Tiere  bei  einem  liberaleren 
Gebrauch  von  Curarin  sich  rascher  erholten  als  beim 
sparsameren  Gebrauch.  Fiir  alle  Falle  hat  man  in  der  In- 
fusion ein  zuverliissiges  Mittel,  die  Elimination  des  Curare  zu 
befordern. 


—      0      — 

Voii  den  18  geretteteii  Tieien  befanden  sich  nachher  die 
meisteii  in  einem  guten  Zustunde  und  sind  nacli  Tageii  oder  Wochen 
getotet  worden;  einige  siud  an  inteikiirrenten  Krankbeiten  zu- 
grunde  gegangen.  Unter  den  letzten  befanden  sich  3  Tiere,  welche 
von  der  Hundestaupe  befallen  warden,  die  zu  gewissen  Jahres 
zeiten  im  Institute  kein  seltener  Gast  ist.  Bei  diesen  letzten 
Tieien  waren  die  Luftwege  natiirlich  affiziert;  bei  all  den 
and  e  ion  Tie  ran  jedoch  waren  Liingen,  Trachea  usw.  voll- 
koininen  normal,  gleichviel,  ob  die  Autopsie  nach  ein  paar 
Tagen  oder  nach  niehreren  Wochen  gemacht  wurde.  Wir  wolien 
(laran  erinnern,  dass  bei  diesen  Tieren  die  Insufflation  stunden- 
lang  angedauert  hatte. 

Folgende  Beobachtung  wolien  wir  hier  ohne  jeden  Kominentar 
berichten.  Bei  5  Hunden  wurde  am  Knde  des  Kxperimentes  Ph  yso- 
stigmin  eingespritzt,  um  die  Curarewirkung  rascher  zu  beseitigen 
(Pal.  Rothberger).  Bei  4  von  diesen  Tieren  waren  un- 
verke  unbare  Zeichen  einer  corticalen  Deterioration 
manifest.  Bei  einem  Tiere  waren  Gesichts-,  Gehors-  und  Tast- 
sinn  vollkommen,  und  Geruchssinn  und  Schmerzgefiihl  bis  auf 
geringe  Spuren  verschwunden.  Das  Thier  lebte  6  Wochen,  und 
bei  der  Autopsie  waren  alle  seine  Organe  makroskopisch  normal. 
Auf  Einzelheiten  werden  wir  hier  nicht  eingehen. 

Das  Hauptergebnis  dieser  Versuchsreihe  ist,  kurz  zusammen- 
gefasst,  folgendes:  Mit  Hilfe  von  intratrachealer  Insuf- 
flation und  i  n  t  r  a  V  e  n  6  s  e  r  E  i  n  s  p  r  i  t  z  u  n  g  von  C  u  r  a  r  i  n 
konnen  sehrschwereStrychninvergiftungen  iiberwunden 
werden,  wobei  eine  intravenose  Infusion  einer  Ringer- 
losung  die  Elimination  sowohl  des  Curare  als  auch  des 
Strychnins  beschleunigt. 

Die  r  i  c  h  t  i  g  a  u  s  g  e  f  ii  h  r  t  e,  1  a  n  g  d  a  u  e  r  n  d  e,  i  n  t  r  a  t  r  a  c  h  e  a  1  e 
Insufflation  bringt  keinerlei  temporare  oder  bleibeude 
Nachteile  mit  sich. 


Druck  von   L.  Schumacher  in  Berlin  N.  24. 
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Von 
JjHMjuoa   Loob   ujid    ll.'irdolph    W'.istciM'Vs. 

(AuH  dcm  Rockefeller  Institut,  New  York.) 
(Eingegangen  am  SI.  August  1910.) 

1.  In  friiheren  Arbeiten  hat  Loeb  nachgewiesen,  daB  die 
Giftwirkung  einer  alkalischen  Chlornatriumlosung  auf  die 
friach  befruchteten  Eier  von  Strongylocentrotus  purpuratus 
durcli  Zusatz  einer  Spur  von  Cyankalium  aufgehoben  werden 
kann.  ^)  Die  Giftwirkung  einer  neutralen  Chlornatriumlosung 
konnte  bei  Eiern,  die  bereits  sich  dem  Blastulazustand  niilierten, 
ebenfalls  durch  Cyankalium  aufgehoben  werden;-)  aber  bei 
frisch  befruchteten  Eiern  von  Purpuratus  gelang  es  nicht, 
eine  derartige  Hemmung  der  Giftwirkung  durch  Cyankalium 
herbeizufiihren. 

In  einer  auOerst  interessanten  Arbeit  weist  nun  O.  War- 
burg^) nach,  dai3  die  frisch  befruchteten  Eier  von  Srongylo- 
centrotus  liridus  (in  Neapel)  durch  eine  Spur  Natriumcyanid 
gegen  die  Giftwirkung  einer  Chlornatriumlosung  geschiitzt 
werden.  Loeb  hat  inzw'ischen  dasselbe  fiir  die  frisch  be- 
fruchteten Eier  von  Arbacia  in  Woods  Hole  feststellen  konnen. 
Was  bedingt  nun  dieses  verschiedene  Verhalten  der  Eier  ver- 
schiedener    Seeigelarten  ?     Warum    wirkt    Cyankalium    bei    den 


1)  Die  cheraische  Entwicklungserregung  des  tierischen  Eies.  Berlin 
1910.  Verlag  von  Julius  .Springer.  S.  118.  Diese  Zeitschr.  2(),  279  und 
289,  1910.  Hier  mochte  ich  kurz  korrigieren,  daI3  es  im  Titel  der  Arbeit 
S.  289  lieiBen  muB:  ,,auf  das  befruchtete  (anstatt  das  unbefruchtete) 
Seeigelei".     Diese  Zeitschr.  2,  83,   1906. 

2)  Zurzeit  im  Druck  in  dicser  Zeitschr. 

3)  Zeitschr.  f.  physiol.  Chem.  GO,  305,  1910. 
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Eiern  von  Purpiiratus  iiur  danii  Hchutzciid,  wenii  dit*  (Jliloi- 
natriumlosuu^  schvvach  alkaliHch  ist,  wahrend  derselbe  Stoff 
bei  den  Eiern  von  ArVjacia  aiuh  in  einer  neutralen  Losung  von 
NaCl  entii^iftend  wirkt?  Das  diirfte  vvohl  daran  liegen,  daB 
fill'  die  Entwicklung  der  Eier  von  Arbacia  eine  geringere  Kon- 
zentration  der  OH-Ionen  ncitig  ist,  als  fiir  die  Entwicklung 
der  frisch  befruchteten  Eier  von  Purpuratus.  Die  letzteren 
erfordern  unniittelbar  nach  der  Befruchtung  eine  schwach  al- 
kalische  Reaktion  der  Salzlosung,  wahrend  spater  eine  neutrale 
Losung  ausreicht;  fiir  die  Eier  von  Arbacia  reicht,  wie  Loeb 
neuerdings  gefunden  hat,  von  vornherein  eine  neutrale  Reaktion 
fiir  die  Entwickking  aus.  Dabei  sind  die  Ausdriicke  neutral 
und  alkalisch  in  dem  Sinne  gebraucht,  der  in  den  vorauf- 
gehenden  Arbeiten  von  Loeb  definiert  ist.  Wir  sehen  also, 
daB  fiir  die  Eier  von  Purpuratus  und  Arbacia  Natrium-  oder 
Kaliumcyanid  dann  imstande  ist,  entgiftend  auf  eine  Clilor- 
natriumlosung  zu  wirken,  wenn  die  Konzentration  der 
Hydroxylionen  in  dieser  Losung  die  zur  Entwicklung 
der  Eier  notige  Hohe  erreicht.  Mit  anderen  Worten:  Die 
reine  Chlornatriumlosung  wirkt  giftig  auf  das  tatige,  d.  h. 
sich  entwickelnde  Ei,  ist  aber  weniger  giftig  fiir  das 
Ei,  dessen  Entwicklung  durch  Hemmung  der  Oxy- 
dationsvorgiinge  unmoglicli  gemacht  ist.  Dieser  SchluB 
wird  durch  die  Tatsache  gestiitzt,  daB  die  alkaHsche,  resp. 
neutrale  Chlornatriumlosung  fUr  das  unbefruchtete  Ei  viel  un- 
schadlicher  ist,  als  fiir  das  befruchtete.-^) 

2.  Warburg  zieht  einen  andern  SchluB  aus  diesen  Tat- 
sachen,  den  ich  am  besten  in  seinen  eigenen  Worten  wieder- 
gebt*  : 

,,Wenn  man  die  Saucrstoifatnmng  herunterdriickt,  so  wirkt 
eine  NaCl-Losung  nicht  giftig.  Dies  kann  zwei  Ursachen  haben : 
entweder  eine  atmende  Zelle  wird  durch  die  unbekannte 
schadigende  Wirkung  des  Chlornatriums  starker  affiziert  als 
eine  Zelle,  deren  Stoffwechsel  gehemmt  ist,  oder  die  NaCl- 
Losung  wirkt  auf  die  Oxydationen  und  mit  Hilfe  der  Oxy- 
dationen  giftig.  Von  diesen  beiden  Moglichkeiten  kann  ich, 
auf    Grund    von    Messungen,    die    zweite    als    die    richtige    be- 


1)  Diese  Zeitschr.  2,  83,  1906;  'lii,  279,  1910. 
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zeichnen.  In  cincr  icinon  Na(yl-L6sun<i;  siiid  die;  Oxy- 
dationen  des  bcfruchteten  Kies  so  stark  gestcigert, 
d;iB  diese  Steigorurif^  allcin  die  (Jif twirkiuiL^  vollig 
li  i II re i I' he nd  e rk liirl .  ' 

Soviel  wir  seheii  koiinen,  stiitzt  Warburg  dieseri  ScdduLi 
nur  auf  indirektc  Versuche;  den  direkten  Nachweis  fiir  seine 
Beliauptung  hat  er  nicht  erbracht.  Die  Griinde  fiir  den  letzteren 
Umstand  und  die  Methode  seiner  Versuche  gibt  cr  in  folgenden 
Wortcn  an :  ,,I('h  habe  oben  niitgeteilt,  dafj  die  befrucliteten 
Eier  in  einer  reinen  NaCl-Losung  schnell  zerstort  werden,  und 
man  wird  fragen,  wie  eine  exakte  Messung  unter  solchen  Um- 
stiinden  moglich  ist.  Man  muB  hier  einen  kleinen  Kunstti;riff 
benutzen,  namhch  die  Atmung  in  einer  cyanidhaltigen  NaCl- 
Losung  messen  und  vergleichen  mit  einer  cyanidhaltigen 
Losung,  die  auBer  NaCl  noch  andere  lonen  in  passender  Menge, 
z.  B.  CaCl.,  und  KCl  enthalt.  Man  findet  dann  das  Verhalt- 
nis  5:1.  Die  NaCl-Losung  wirkt  also  nicht  giftig,  weil  in  ihr 
NaCl  in  das  Ei  hineindiffundiert  oder  weil  andere  Salze  aus 
dem  Ei  austreten,  sondern  weil  Oxydationen  auf  das  5 f ache  ge- 
steigert  werden.  .  .  .  Ebenso  wie  nach  Loeb  die  Giftwirkung 
durch  Zusatz  zweiwertiger  lonen  beseitigt  wird,  finden  wir  die 
normale  OxydationsgroBe,  wenn  wir  zu  der  NaCl-Losung  eine 
geeignete  Menge  CaCl^  zufiigen."  So  fand  Warburg  eine 
OxydationsgroBe  von  normaler  GroBenordnung,  wenn  der  Chlor- 
natriumlosung  CaCl.,  im   iiblichen  Verhaltnis    zugesetzt    wurde. 

Gegen  den  von  Warburg  aus  seinen  Versuchen  gezogenen 
SchluC  lassen  sich  folgende  Bedenken  erheben.  Erstens  ist, 
wie  schon  erwahnt,  seine  Beweisfiihrung  keine  direkte.  Zweitens 
laBt  sich  zeigen,  daB  audi  eine  Mischung  von  NaCl  und  CaClg 
(in  dem  iiblichen  Verhaltnis)  fiir  das  Seeigelei  giftig  ist  und 
daB  die  Giftigkeit  dieser  Losung  sowohl  durch  Natriumcyanid 
wie  durch  Sauerstoffmangel  in  demselben  Verhaltnis  gehemmt 
wird,  wie  das  fiir  die  reine  Chlornatriumlosung  der  Fall  ist.  Drittens 
hat  Loeb  neuerdings  zeigen  konnen,  daB  im  allgemeinen  die- 
jenigen  Stoffe,  die  das  befruchtete  Ei  rascher  schadigen  als  das 
unbefruchtete,  auch  auf  das  befruchtete  Ei  weniger  schadhch 
wirken,  wenn  man  die  Oxydationen  im  letzteren  durch  Sauer- 
stoffmangel oder  Cyankalium,  resp.  Cyannatrium  hcmmt.  Die 
toxischen    Agenzien,    deren    schadliche    Wirkung    auf    das    be- 
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fruchtete  Ei  durch  Sauerstottniant^el  oder  Xatriumcyanid  ge- 
heinnit  wild,  sind  so  v^TSchiedeii,  daB  es  wenig  walirseheinlich 
ist,  daB  sie  alio  das  befruchtete  Ei  dur(;U  Oxydationsstei^erung 
toten.  Das  soil  iu  einer  spateren  Arbeit  austuhrlicher  be- 
sprocheii  werden. 

3.  Wir  haben  die  Behauptung  VVarburgs,  daB  die  leine 
L'hlornatriinnlosiuig  durch  Oxydationssteigerung  das  Ei  schadigt 
und  sehlieBlich  totet,  und  daB  der  Zusatz  von  CaCl,  die  Oxy- 
dationen  auf  das  richtige  MaB  herunterdriickt,  direkt,  d.  h. 
ohne  Anwendung  von  NaCX  gepriift.  Als  Versuchsobjekt 
dienten  die  Eier  von  Arbacia.  Dieselbeii  werden  durch  eine 
Chlornatriumlosung  nicht  so  rasch  geschadigt,  wie  das  bei  den 
von  Warburg  benutzten  Eiern  otlenbar  der  Fall  war.  Wenn 
man  Arbaciaeier  1  Stunde  lang  in  eine  Chlornatriumlosung 
bringt,  so  gehen  meist  nicht  mehr  als  etwa  20*^/0  der  Eier  an 
Cytolyse  zugrunde,  wahrend  die  iibrigen  80°/,,  sich,  wenn  man 
sie  in  normales  Seewasser  zuriickbringt,  zu  schwimmenden 
Larven  entwickeln.  Da  nach  Warburg  in  der  reinen  Chlor- 
natriumlosung die  OxydationsgroBe  auf  das  5  f ache  gesteigert 
ist.  so  hiitte  eine  Zerstorung  von  etwa  20°/o  der  Eier  nur  eine 
Verringerung  der  Oxydationssteigerung  auf  das  4 f ache  bedingen 
konnen. 

Wir  verglichen  nun  den  Sauerstoffverbrauch  einer  ge- 
gebenen  Menge  von  Eiern  nacheinander  in  Seewasser  oder 
einer  Losung  von  NaCl  -\-  KCl  -f-  CaCl,,  und  einer  reinen  Chlor- 
natriumlosung nach  der  W inkle rschen  Methode. 

Die  Versuchsausfiihrung  gestaltete  sich  foleendermaBen: 
Eine  ausreichende  Menge  von  Eiern  wurde  in  die  Atmungs- 
flasche  gebracht,  deren  Volumen  324,45  ccm  betrug.  Die 
Flasche  wurde  im  Wasserbade  30  Minuten  langsam  von  Zeit  zu 
Zeit  rotiert,  um  die  Eier  in  Susp(?nsion  und  die  Losung  in  Zirku- 
lation  zu  erhalten.  Dann  wurde  die  Flasche  30  Min.  lang  im 
Wasserbade  bei  derselben  Tcmperatur  ruhig  stehen  gelassen, 
um  den  Eiern  zu  erlauben,  sich  am  Boden  abzusetzen.  Endlich 
wurde  mittels  Wasserstoff  (unter  Uberdruck)  ein  Teil  der 
Fliissigkeit  in   das  AnalysengefaB  iibergetrieben.-^)    Im  letzteren 


')  Kontrollversuche  zeigten,    daB    diese  Methode   keinen   meBbaren 
Sauerstoffverlust  bedingt. 
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wurdc  (lie  FliiHsi^koit  iinter  Petroleum  aufgefaii^cii ;  dieses 
wurdc  l)is  auf  die  Ict/tt'ii  SpuiTti  aiis  drm  Analysen^cfiilj  vor 
dcr  Analyse  aiisu'ct  ii('l)t'!».  Dan  Voliimcii  dcs  AiialyscngcfaBes 
Ix'truu  lS2,(i  c'ciii.  Tin  zu  verhiiKJcrii,  tlaB  irgeiid  wcIcIk;  Eier 
oder  sonstif^o  suspcndierte  Teilcheii  in  das  AnalysengofiiB  ge- 
laiigten.  war  die  OfTnuiig  des  Glasrf)ln"('.s,  durcli  das  die 
riiissigkeit  dcr  Atimmgsflasclu;  in  das  AiialyscngefiiB  eintrat, 
iiiit  l''iltriei|)a|)ic'r  verschlossen.  I'm  ein  ZcrrcuBcn  des  Filters 
infolge  des  fberdrucks  zu  verhinderii,  war  das  Filtrierpapior 
auf  dry  Innenseite  durch  nicht  zu  enginaschige  Seide  gestiitzt. 
W'ir  arbeiteten  so,  ohne  Eier  bei  dern  Versucli  zu  verlieren  und 
dio  Analyse  durch  organischc  Materie  zu  gefahrden. 

Dicsclben  Eier  wurden  nacheinander  verschicdenen  Lo- 
sungen  ausgcsetzt,  ohne  daB  es  notig  war,  sie  aus  der  At- 
mungsflasche  zu  entfernen.  Um  beispielsweise  die  Atmungs- 
groBe  der  Eier  in  Seewasser  und  einer  Chlornatriumlosung  zu 
vergleichen,  wurde  erst  in  der  geschilderten  Weise  der  Sauer- 
stoffkonsum  in  (hltriertem !)  Seewasser  festgestellt,  dann  wurde 
alles  Seewasser  bis  auf  eine  niedrige  Schicht  iiber  den  am 
Boden  liegenden  Eiern  durch  Wasserstoff  ausgetrieben ;  hierauf 
wurde  die  Flasche  zu  ^/^  mit  der  Chlornatriumlosung  gefiillt. 
Sobald  die  Eier  sich  wieder  am  Boden  abgesetzt  hatten,  wurde 
die  iiber  den  Eiern  befindliche  klare  Clilornatriumlosung  durch 
Wasserstoff  ausgetrieben,  wieder  Chlornatriumlosung  zugefiigt 
und  wieder  entfernt.  Dann  wurde  die  Atmungsflasche  mit  der 
Chlornatriumlosung  gefiillt  und  die  Bestimmung  des  Sauerstoff- 
verbrauchs  in  dieser  Losung  durchgefiihrt.  An  diese  Bestim- 
mung schloB  sich  dann  wieder  eine  Bestimmung  der  Atmungs- 
groBe  in  Seewasser.  Diese  Kontrolle  diente  dazu,  festzustellen, 
bis  zu  welchem  Grade  die  Eier  in  der  Chlornatriumlosung  ge- 
schadigt  Avaren.  Wenn  namlich  in  der  Chlornatriumlosung  die 
nacli  Warburg  zu  erwartende  Oxydationssteigerung  nicht  ein- 
trat, so  war  der  Einwand  moglich,  daB  die  Eier  inzwischen 
getotet  waren. 

Brachte  man  aber  die  Eier  hinterher  wieder  in  Seewasser 
zuriick,  so  lieB  sich  am  Sauerstofifverbrauch  feststellen,  bis  zu 
welchem  Grade  ein  solcher  Einwand  berechtigt  war.  Die  Eier 
wurden  auBerdem  mikroskopisch  beobachtet  und  ihre  Ent- 
wicklung  weiter  verfolgt. 
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4.  VVir  woUen  nun  einen   Verauch  genauer  Hchildein. 

Frisch  betruchtete  Eier  von  Arbacia  wurden  iu  eine 
Mischung  von  50  ccm  '"/.,-NaCl  +  0,7  ccm  '^/.^-CaCl^  +  1 1  ccm 
"^/.^-KCl  gebracht.  In  einer  solchen  Losung  entwickeln  sich  die 
Eier  von  Arbacia  bis  zurn  Blastulastadiuin.  18*2,0  com  dieser 
Losung  erforderten  42,2  ccm  Tliiosulfat,  die  Atniungstiasclie  mit 
einem  Volumen  von  324,45  ccm  also  74,98  ccm  Thiosulfat.  1  ccm 
Tliiosulfat  entsprach  0,0342  mg  Sauerstoff.  (Der  Sauerstottwert 
der  Tliiosulfatlosung  wurde  jeden  Tag  von  neuem  bestimmt.) 
Die  in  der  Atmungstlasche  betindliche  Salzlosung  enthielt  also 
zu  Anfang  des  Versuches  2,57  mg  Sauerstoff. 

Nachdem  die  Eier  1  Stunde  in  der  vorher  beschriebenen 
Weise  bei  21,5 '^  C  in  der  Atmungstlasche  gewesen  waren,  er- 
forderten 182,6  ccm  der  Losung  31,2  ccm  Thiosulfat;  324,45  ccm 
erforderten  55,44  ccm,  und  der  Sauerstoffgohalt  der  FlUssigkeit 
war  also  auf  1,90  mg  gesunken.  In  1  Stunde  hatten  also  die 
Eier  0,67  mg  Sauerstoff  verbraucht. 

Dann  wurden  die  Eier  zweimal  in  der  Atmungstlasche  in 
NaCl  gewaschen  und  dann  1  Stunde  in  eine  -^/^om-Losung  von 
NaCl  gebracht.  182,2  ccm  dieser  Losung  erforderten  42,2  ccm 
Thiosulfat;  die  324,45  ccm  der  Fliissigkeit  in  der  Atmungstlasche 
enthielten  also  ebenfalls  am  Anfang  des  Versuches  2,57  mg 
Sauerstoff. 

Nachdem  die  Eier  1  Stunde  bei  21,5"  in  dieser  Tempe- 
ratur  geatmet  hatten,  erforderten  182,6  ccm  der  Losung  34,0  ccm 
Thiosulfat ;  der  Sauerstoff'gehalt  war  also  in  der  Fliissigkeit  der 
Atmungstlasche  auf  2,08  mg  gesunken,  und  der  Sauerstoff- 
konsum  der  Eier  betrug  0,49  mg. 

Dann  wurde  die  Flasche  wieder  mit  der  Mischung  von 
NaCl-j-CaCl^-I^^Cl  gefiillt,  und  nun  betrug  der  Sauerstoftkonsum 
in  1   Stunde  bei  21,5°  C  0,50  mg. 

Das  Resultat  wird  in  Tabellenform  iibersichtlicher. 

Tabelle  I. 
Sauerstoffverbrauch    derselben  Menge    frisch    befruchteter  Arbaciaeier  in 

1  Stunde  bei  21,5 ». 

in  1.  NaC14-CaCl.,  +  KCl       2.  NaCI       3.  NaCl+KCl  +  CaClo 
0,67  mg  "  0,49  mg  0,50  mg 

Der  Versuch  zeigt  also,  daI3  in  der  Chlornatriumlosung 
nicht  nur  keine  Zunahme,    sondern  eine  Abnahme    des  Sauer- 


W'.iniiii   Iicmml    .\a('.\   die  < -'illw  iiI<nnL'   von   XaC'l    fiir  da.s  Sccigelei?    34() 

stdlTvcrhijiuclis  .s(at  (Li('futi(l(M  lial.  Dioso  Ahtialiinc  faiid  ilirc 
l"]rl\liiiiniLj;  in  (l<  r  Hcobiichtuuu;  (lev  hlicr:  ctwa  20"/,,  dcisolben 
\\ar(Mi  i)arti('ll  odci-  total  cytoiysicjrt.  Dor  Rest  war  aber  in 
das  Zwcizcllcnstadiuin  uct^anfron.  uiul  ciru!  iin  ITrstadiiim  in  Scc- 
wasscr  uchaltciK*  J^robc  dor  VAov  /(■.iji;f(',  dalj  dios'j  let'/t(!ren  si(;h 
alio  /u  sohwiinniondon  Larvori  ontwicki^ltcn.  Wir  ver.stohcn 
nun  audi,  waruin  ini  dritten  Vcrsuch  in  NaCl  j-CaClj,  i  KCl 
d(M'  SaiiorstofTkon.su ni  ni(>dri^cr  bliob  als  im  ersten  Versuoh:  es 
waron  .sclion  otwa  ^/,  dor  Kier,  oder  vielleicht  etwas  rnolii-  in 
dor  C'hlornatriumlosung  getotet  und  vielleicht  einige  mehr  ge- 
schadigt  worden.  Nach  dieser  au.sfiihrlichon  Auseinandersetzung 
sind  dio  wciteren  Versuche  ohno  weiteres  verstandlicli.  Wir 
vergleichen  zunachst  Seewasser  mit  dor  Chlornatriumlosung. 

Tabelle  II. 


Versuchs- 

Temperatur 

Sauerstoflverbrauch  in  1 

Stunde  in 

reihe 

Seewasser    1  ^/gin-NaCl    |    Seewasser 

1 
2 

3 
4 

220 
21 0 
220 
23,50 

0.87  mg      '      0.66  mg 
0.58    ,              0,45    ,. 
0.71    ,,              0,53    ,. 
0.49    ,.              0.47    „ 

0.49  mg 
0.51    „ 
0,48    „ 

In  Versuclisreihe  4  und  den  spateren  Versuchen  war  "^/g- 
statt  ^/g  m-NaCl  angewendet  worden.  Loeb  hatte  namlich  in- 
zwischen  gefunden,  daB  eine  ^j^-  oder  genauer  ^^/^q  m-NaCl- 
losung  fiir  die  Eier  von  Arbacia  isotonisch  ist. 

Es  findet  also  in  NaCl  keine  Zunahme,  sondern 
eine  Abnahme  der  OxydationsgroBe  statt. 

In  der  nachsten  Tabelle  III  geben  wir  die  Versuche  wieder, 
die  den  Sauerstoffverbrauch  in  einer  Chlornatriumlosung  mit 
dem  in  einer  Mischung  von  NaCl ^  KCl -j-CaCla  (in  dem  oben 
erw^ahnten,    dem    Seewasser     entsprechenden    Verhaltnis)    ver- 


gleichen. 


Tabelle  III. 


Versuchs- 

Temperatur 

Sauerstoffverbrauch  in  1  Stunde  in 

reihe 

NaCaK                Na          \      NaKCa 

5 
6 

7 

23.50 
I8.50 
21.50 

0,70 
0.54 
0.67 

0,52 

0.53 
0.49 

0,40 
0,41 
0,50 

Versuch  7  ist  identisch  mit  dem  Versuoh  in  Tabelle  I. 
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Obwoiil  dit^  Eier  sicli  zuin  tjroBen  Teil  iioch  en!  wickelten, 
wenn  sie  1  Stunde  der  ChloniatriumliJsuiig  ausgesetzt  wareii, 
8o  wollteii  w  ir  doch  noch  den  Versuch  in  einer  Weise  an.stellen, 
der  jeden  Zweifel  an  der  Lebensfahigkeit  der  Eier  au.sschluC. 
Nach  Warburg  totet  die  ChlornatriundoHung  die  Eier,  vveil  sie 
die  Oxydationen  im  Ei  auf  eine  abnornie  Hohe  oder  Geschwindig- 
keit  bringt;  wahrend  es  die  Funktion  des  Ca  ist,  diese  ent- 
fesselten  Oxydationen  wieder  auf  das  mit  dem  Leben  vertrag- 
liche  MaB  zu  rcduzieren.  Dieser  letztere  Teii  von  Warburgs 
Ansicht  liiBt  sich  auch  })riifen,  wenn  man  die  Eier  in  eine 
Miscliung  von  NaCi  +  KCl  bringt  und  den  Sauerstottverbraucli 
in  dieser  Losung  mit  dem  in  einer  Mischung  von  NaCi—KCl 
-f-CaCl.^  (in  dem  iiblichen  Verhaltnis  der  drei  Salze)  vergleicht. 
Loeb  hat  namlich  gefunden,  daB  die  Eier  sich  in  einer 
Mischung  von  50  NaCl-|-l,l  KCl  relativ  normal  bis  zum 
64-Zellenstadium  entwickehi,  so  daB  ein  Aufenthalt  von  einer 
Stunde  sie  relativ  wenig  schadigt.  Es  stellte  sich  aber  heraus, 
daB  der  Zusatz  von  0,8  ccm  CaCl.^  zu  einer  solchen  Losung 
den  Sauerstoftverbrauch  absohit    mufiiiiulcii    liiBt. 

Tabcllo   IV. 


Versuch  s- 

Temperatur 

Sauerstoffverbrauch  in  1  Stunde  in 

reihe 

Na-fK 

Na+K+Ca 

Na-f-K      Na-f  K-^Ca 

8 

9 

10 

11 

22,5  » 

230 
230 

220 

0,57  mg 
0,64    „ 
0,64    „ 

Na4-K+Ca 
0.60  mg 

0,70  mg 
0.63    „ 
0.54    „ 

Na+K 
0.65  mg 

0,46  mg 
0,63    „ 

Na+K+Ca 
0,49  mg 

0,36  mg 
0,63    ,. 

Na-I-K 
0.33  mg 

Der  Abfall,  der  sich  gegen  Ende  einiger  dieser  Versuche 
zeigt,  riihrt  von  einer  Zerstorung  der  Eier  her.  Dieselbe  war 
zum  Teil  wohl  durch  die  Rotation  des  AtmungsgefaBes  be- 
dingt,  die  in  einigen  Versuchen  etwas  zu  heftig  war.  Iih  Ver- 
such 9  vermieden  wir  diese  Fehlerquelle,  und  so  blieb  der  Ab- 
fall des  Sauerstoflfkonsums  auch  aus. 

Alle  Versuche  zeigen,  daB  kein  Anzeichen  dafiir  vorhanden 
ist,  daB  die  Giftigkeit  der  Chlornatriumlosung  daher  riihrt,  daB 
sie  die  Oxydationsvorgange  steigert,  und  daB  die  entgiftende 
Wirkung  des  Ca  auf  eine  Verminderung  der  Oxydations- 
geschwindigkeit  zuriickgefiihrt  werden  darf. 
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.").  I  iiscir  Ivcsultalc  w  idcrsptrclicii  df^ri  Schliisst'ii,  iiiclit 
alx'i-  (It'll  N'crsm'h.sfcsultatcn  Warhu  ri^s.  l)i(^S(.'^  Awloi-  liat 
i»;iiii!i(li  (let)  SaiUTstolTvcM  branch  in  ijosun^^fn  gemcsscii,  (l<-iieii 
fine  Spm  (Vaiiiiatriiim  zuijjcsctzt  war.  Ks  crschicn  wiinschens- 
wert,  (lie  WthucIu'  von  \Vail)nr!i;  nnlcr  (Icnscllxii  licdin^un^en 
zn  wicdciliolcn,  niit'T  dcricn  cr  si(i  anslclllt-,  niunlicli  nnl  Zu- 
sat/,  \  on  cluas  ('\  annal  linni.  Oovvohnlicli  uindcn  2  ccin  einer 
Vio'Vo^^^^^  Losung  von  Natiinincyanid  /n  dcr  iin  Atniungs- 
pofiiB  Ix'lindlichcii  Losnng  (324,45  ccni)  zugefiigl.  Ks  stellte 
sich  nnn  licran.s,  daB  in  cyanidlialtigcn  Clilornatrininlcisungen 
di(»  iMcr  bei  dersolben  Teniporatur  ctvva  /wcunial  so  viel  Sauer- 
stolT  pro  Stunde  verbrauchlen,  als  wenn  dcr  Losung  Ca  zu- 
gesetzt  war.  Das  ist  allcrdings  weniger  als  in  W a i" burgs  Ver- 
suchen,  in  denen  das  Verhiiltnis  5  :  1  war,  aber  docli  im  gleichen 
Sinne.  Der  folgcnde  Vcrsuch  soil  als  Bcispicl  dienen. 
Der  Sauerstoffvcrbrauch  betrug  pro  Stunde  in 

50  NaCl  -f  1»1  CI  r  0,8  CaClg   ....  0,70  nig 

„        -f     „     +         «        -fNaCN  0,44    „ 

SONaCl  :  NaCX 0,90    „ 

50NaCl  rl»l  Ka- 0,8  CaCl2  + NaCN  0,35    „ 

Der  SauerstotTverbrauch  betrug  also  in  der  cyannatrium- 
haltigiMi  Clilornatriumlosung  das  Doppelte  des  Betrags,  den  er 
in  der  Mischung  von  NaCl,  KCl  und  CaClg  mit  demselben  Zu- 
satz  von  Cyannatrium  erreicht.  Zwei  weitere  Versuche  derselben 
Art  seien  hier  mitgeteilt. 

Tabelle    V. 

Sauerstoffverbrauch  pro  Stunde  in 

NaCl  +  KCl  -f  CaCla  +  NaCN  NaCl  +  NaCN 

0,41  mg  0.84  mg 

0,29    „  <  0,66    „ 

Wenn  hier  niclit  ein  Zufall  im  Spiel  ist,  so  konnte  man 
daran  denken,  daB  in  Gegenwart  von  Ca  entweder  das  Cyan 
wirksamer  ist,  als  bei  Abwesenheit  von  Ca,  oder  daB  die  Hy- 
droxy lionen  der  Cyannatriumlosung  in  Abwesenheit  von  Calcium 
die  Oxydationen  mehr  beschleunigen  als  in  Gegenwart  von 
Calcium,  Was  aber  auch  der  Grund  fiir  dieses  iiberraschende 
Resultat  sein  mag,  wir  glauben,  daB  bei  den  Cyannatrium- 
versuchen  cine  Komplikation   vorlicgt,  die    uns  nicht  gestattet, 
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diese  Resultate  zu  Schliissen  auf  das  Verhalten  von    neutiah*n 
Losungen  ohne  Natriumcyanid  auzuweriden. 

Wir  konimeii  deshalb  zu  dem  Schlusse,  daB  Cyaimatrium 
die  Giftigkeit  einer  Chlornatriuinlosunt^  auf  das  befruchtete  Ei 
deshalb  verringert,  well  es  die  Entwicklung  des  Eies  oder  die 
der  Entwicklung  des  Eier  zugrunde  liegenden  Oxydations- 
vorgange  heinnit.  Wie  Loeb  in  einer  deniniichst  erscheinenden 
Arbeit  zeigen  wird,  ist  das  nur  cin  besonderor  Fall  eines  all- 
gemeinen  Gesetzes,  daU  die  Wirkung  einer  Keihe  der  ver- 
schiedenartigsten  toxischen  Agenzien  auf  das  befruchtete  See- 
igelei  gehemmt  oder  verringert  werden  kann,  wenn  man  die 
Oxydationen  im  Ei  durch  Sauerstoffentziehung  oder  durch  Zusatz 
von  Cyannatrium  oder  Cyankaliuni   lieninit. 


S(ni(i('rab(lru('k  aiisd.  P>i()ch(MnischonZoitsf'liiift  28.  Hd.,  S.350. 
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1st  (ler  StillstaiHl  rliytlimisoher  Kontraktionon   in  einer 

reiiKMi  Clilornatriuinlosuiig   (lurch   Erholmiift*   der   Oxy- 

(latioHSgcschwindigkeit  bedingt? 

Von 
Jacques  Loeb  uiid  Hardolph  Wasteneys. 

(Aus  dem  Rockefeller  Institut,  New  York.) 

(Eingegangen  am  31.  August  1910.) 

In  einer  reinen  Chlornatriumlosung  schlagt  der  Ventrikel 
des  Schildkrotenherzens  eine  relativ  kurze  Zeit,  um  dann  in 
den  bekannten  Chlornatriumstillstand  zu  verf alien.  Bei  der 
kleinen  Meduse  Gonionemus  beobachtete  Loeb  vor  Jahren,  daB 
dieselbe  in  einer  reinen  Chlornatriumlosung  einige  Minuten  in 
rasche  Pulsation  verfallt  und  dann  ebenfalls  zu  schlagen  auf- 
hort.  Bringt  man  die  Meduse  nach  2  oder  Sstiindigem  Aufent- 
halt  aus  der  Chlornatriumlosung  in  Seewasser  zuriick,  so  tritt 
langsam  eine  Erholung  ein.  Im  AnschluB  an  Warburgs 
Hypothese,  daB  eine  Chlornatriumlosung  auf  das  Seeigelei  des- 
halb  giftig  wirkt,  weil  sie  die  Oxydationen  auf  das  5  f ache  des 
gewohnlichen  Wertes  erhoht,  beschlossen  wir  zu  untersuchen, 
ob  die  Chlornatriumlosung  die  Medusen  dadurch  zur  Ruhe 
bringt,  daB  sie  die  Oxydationen  derselben  beschleunigt.  Der 
Sauerstoffverbrauch  wurde  nach  der  Winklerschen  Methode 
bestimmt.  Die  Medusen  bleiben  je  1  Stunde  in  Seewasser, 
dann  in  einer  ^^/^^  m-XaCl-Losung  und  dann  in  einigen  Versuchen 
wieder  in  Seewasser. 
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Die  Methode  der  Verwuclie  war  dieselbe,  vvie  sie  in  einer 
vorausgehenden  Notiz  von  uns  bescluieben  worden  ist.  Die 
Zahl  der  benutzten  Versuchstiere  war  in  jedern  Vei-suche  ver- 
schieden.  Die  Resultate  sind  in  der  folgenden  Tabelle  zu- 
sammengestellt. 

Die  Interpretation  der  Versuche  ist  einfach.  In  der  Chlor- 
natriumlosung  sinkt  der  SauerstottVerbrauch,  vermutlich  infolge 
des  Umstandes,  daB  die  Muskeltiitigkeit  aufhort.  Die  letztere 
Annahme  erhalt  eine  Stiitze  dadurch ,  daB  der  Abfall  des 
Sauerstoffverbrauches  zunachst  fortdauert,  wenn  die  Tiere  gleich 
wieder  in  Seewasser  gebracht  werden.  Es  dauert  niimlich  etwas 
mehr  als  1  Stunde,  ehe  die  Tiere  sich  wieder  v^on  der  Chlor- 
natriumwirkung  erholen. 


Versuchs- 

Tem- 
peratur 

Zahl 

der 

Medusen 

Sauerstoll'verbrauch  pro  Stunde  in 

reihe 

Seewasser          NaCl 
mg          1       mg 

Seewasser 
mg 

1 
2 
3 

4 

240 

21,5" 
200 

230 

41 
50 
13 

41 

0,62 
0,82 
0,15 
Seewasser 
0,63 

0,26 
0,31 
0,11 
Na  +  K 
0,30 

0,31 

Seewasser 
0,39 

Um  das  Resultat  zu  sichern,  stellten  wir  nocli  einen  Ver- 
such  an,  in  dem  der  Sauerstoffverbrauch  in  einer  ^/g  m  —  (fiir 
die  Tiere  isotonischen)  Magnesiumchloridlosung  mit  dem  in  See- 
wasser verglichen  wurde.  In  der  Magnesiumchloridlosung,  die  seit 
mehr  als  20  Jahren  zur  Beruhigung  der  Medusen  fiir  die  Zwecke 
der  Konservierung  angewendet  wird,  treten  keine  Kontraktionen 
der  Medusen  ein.  Das  Resultat  war  ahnlich  wie  im  Chlor- 
natriumversuch;  nur  mit  dem  Unterschied,  daB  die  Tiere  sicL 
rascher  von  dem  Magnesiumstillstand  erholen,  was  auch  in  den 
Zahlen  zum  Ausdruck  kommt. 


Temperatur 

Zahl 

der 

Medusen 

Sauerstoflfverbrauch  pro  Stunde  in 

Seewasser         ^/g  MgClo         Seewasser 
mg          1          mg          j           mg 

210 

66 

0,95         '          0,37                   0,68 
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Wir  solicii  also,  daL'  in  ciiici-  rciiicn  Chlornatriumlosung 
(lie  Oxydation  nicht  t^c.stcij^'crl,  sondorn  verraindert  wird,  das 
lolztcro   wolil   inf()lfj("  dcr  Nftnt'ffirHfdrr.  Mubk^Liiuiic 

Wir  liabcn  vcrauclit,  oh  cs  ^cliiigt,  die  Oiftwirkunj^  oiner 
Clilornatriuinlosung  auf  die  Meduscn  durch  Cyannatriuni  zu  be- 
scitigen.  Das  ist  uns  aber  bis  jetzt  nicht  gehingon.  Das 
schoint  anzudeuten,  daB  die  Hcmmung  dcr  Oiftwirkung  der 
Chlornatriumlosung  durch  Unterdriickung  der  Oxydationen  riur 
fiir  die  Entwicklungsvorgangc ,  niclit  aber  fiir  die  I'jitigkeit 
von  Nerven  oder  Muskeln  gelingt.  Zur  Entscheidung  dieser 
letztcren  Frage  miissen  aber  noch  weitere  Versuchc  angestellt 
werden. 


Sondci-alxliiick  aiis  d.  liioclicinischcii  Zeitsolirift  29.  Bd..  S.  .*il 


/VO 


X'hi'v  die  Oxydnlioii  von  Aldoliydcii   in  alkjilisclici* 

Losiiii^.') 

\'()n 
(ioo.  W.  Ilcimrod   und   I*.  A.  Lcvcne. 

(Aus  deni  Rockefeller  Institut,  New  York.) 

(Eingegangen  am  15.  September  1910.) 

Mit  2  Figuren  im  Text. 

In  einer  friiheren  Arbeit^)  ist  gezeigt  worden .  dal3  bei 
anodischer  Oxydation  des  Acetaldehyds  in  saurer  und  neutraler 
Losung  Essigsaure  entsteht,  wahrend  in  alkalischer  Losung 
Ameisensaurc  gcbildet  wird.  Es  schicn  uns  nun  von  groBem 
Interesse,  den  Mechanismus  der  Entstehung  der  Ameisensaure 
aus  Acetaldehyd  nalier  zu  studieren,  da  vvir  hofften,  auf  diese 
Weise  einen  Einblick  in  das  Verhalten  der  fiir  biologisehe 
Vorgange  so  wichtigen  Aldehydgruppe  zu  erlangen.  Zu 
diesem  Zwecke  suchten  wir  die  anodische  Oxydation  durch  eine 
rein  chemische  zu  ersetzen. 

Nun  ist  zwar  von  Denis ^)  das  Verhalten  von  Acetaldehyd 
dem  neutralen  und  alkalischen  Permanganat  gegeniiber  untersucht, 
die  Bildung  von  Ameisensaure  jedoch  nicht  konstatiert  worden. 
Da  Frl.  Denis  aber  nachwies,  daB  Essigsaure  von  alkalischem 
Permanganat  so  gut  wie  gar  nicht  angegriffen  wird,  so  schloB  sie, 
daB  die  groBe  Menge  der  entstandenen  Kohlensaure    das  Oxy- 

1)  Diese  Arbeit  war  in  ihrem  experiraentellen  Teile  bereits  vor  mehr 
als  Jahresfrist  beendet.  Umstandehalber  konnte  aber  er.st  jetzt  zur  Ver- 
dffentlichung  derselben  geschrittcn  werden.  Inzwischen  sind  einige  der 
hier  wiederzugebenden  Versuche  bereits  von  anderer  Seite  veroffentlicht 
worden. 

2)  Geo.  W.  Heimrod  und  P.  A.  Levene,  Bcr.  d.  Deutsch.  chem. 
Ges.  41,  4443,  1908. 

3)  American  Chem.  Journ.  :{S.  561,  1907. 
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dationsprodukt  der  intermediar  gebildeten  Ameisensaure  sei. 
Nach  der  von  ihr  angenommenen  Ansicht  Nefs  unterliegt  der 
Acetaldehyd  in  Losungen  von  niehr  als  Vi.."/o*g^*^  Natronlauge 
einer  teihveisen  Umwandlung  in   Vinylalkohol: 

CH3  CH2 

i      H 

C  ^  H  — C  — OH 

O 

Es  soil  nun  gerade  der  Vinylalkohol  sein,  der  bei  der  Oxy- 
dation  den  Angriff  des  mit  der  Carboxylgruppe  verbundenen 
Kohlenstoffatoms  gestattet,  indem  durch  Aufnahrae  zvveier 
Hydroxylgruppen  Glykolaldehyd  entsteht: 

CH2  CHoOH 

H  —  C  —  OH  C  —  H      O 

Diese  Diose  soil  nun  auf  zweierlei  Weise  weiter  oxydiert 
werden,  entsprechend  den  zvvei  Dissoziationsgleichgevviehten: 

1.         CH2OH  H        H 

I  ^      :^    /C'.^        +        C^O 

HC-=0  ^  OH      H 


2.  CH.OH      )>C— H 


+  H.,0 


HC  =  O  HC  ---  0 

Nach  dem  Schema  1.  ware  die  Diose  in  Formaldehyd  und 
Hydroxymethyliden  gcspaltcn,  von  denen  das  letztere  vielleicht 
als  reaktionsfahige  Form  des  Formaldehyds  aufzufassen  ware, 
wie  sie  z.  B.  Loeb  bei  der  reversiblen  Zuckerspaltung  annimmt. 
Bei  der  Oxydation  wiirden  hieraus  2  Molekiile  xA.mcisensaure 
entstehen.  Dem  zweiten  Schema  entsprechend,  entsteht  zu- 
niichst  Athylidenoxyd ,  das  durch  Aufnahme  zweier  Hydroxyl- 
gruppen Glyoxal  bilden  soil,  und  dieses  soil  bei  weiterer  Oxy- 
dation zur  Oxalsaure  fiihren.  Frl.  Denis  hat  dementsprechend 
bei  der  Oxydation  mit  Permanganat  neben  Essigsaure  Oxal- 
saure und  Kohlensaure  gefunden.  DaB  hierbei  die  Oxalsaure 
und  Kohlensaure  nicht  durch  einfache  Oxydation  der  Aldehyd- 
gruppe  zur  Carboxylgruppe  und  weitere  Oxydation  der  Essig- 
saure entstehen  konnen,  ist  ohne  weiteres  aus  der  groBen  Be- 
standigkeit  der  letzteren  gegeniiber  alkalischem  Permanganat 
zu  schlieBen.  Es  muB  vielmehr  zunachst  eine  Oxydation  der 
in  t;'-Stellung   befindlichen  Kohlenstoffgruppe  stattfinden.     Man 
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kann  dalier  niclit  daraii  zucifcln,  daU  als  erstes  Oxydations- 
produkt  (Jlykolaldc'hyd  sicli  hildol.  Daj^o^'on  fchlon  noch  Be- 
ucisc  fiir  die  Stufen,  die  bei  wcitcrcr  Oxydation  dieses  Zuekers 
diirehlaufen  werden.  Aher  ^erade  liier  lie^a  das  gruUte  Interesse 
<ler  (MicTnikcr   uiid    Biologen. 

W'ir  w  iederholteu  nun  ziinaelisl  den  \()n  J)enis  Ix'schrie- 
bcnen  Versudi  dei-  Oxydation  des  Acetaidehyds  dureh  alkalisches 
Pennanganat,  indeni  wir  die  von  Denis  angegcbonon  Mengen- 
verhaltnissc  gcnau  innehielten.  Statt  jedocli  den  Acotaldchyd 
langsani  in  die  alkalische  Permanganatlosung  fiieBen  zu  la«sen, 
gaben  wir  die  letztere  tropfenweise  zu  dem  Acetaldehyd ,  w  o- 
dureh  also  bis  gegen  Ende  stets  ein  OberschuB  an  Acetaldeliyd 
vorhandon  war.  Von  Zeit  zu  Zeit  wurden  kleine  Proben  ent- 
nonimen  und  auf  Ameisensaure  gepriift.  Die  Probe  wurde  mit 
vermehrter  Zugabe  des  Permanganats  immer  kraftiger,  war  aber 
nacli  24stundigeni  Stehen  des  Aldehyd-Permanganatgemisches 
vollig  verschwunden.  Dies  beweist  also,  daB  Ameisensaure, 
wenn  auch  nur  voriibergehend,  unter  diesen  Versuchsbedingungen 
gebildet  wird.  Eigentiimlicherweise  konnte  Oxalsaure  nicht 
nachgewiesen  werden. 

In  einem  weiteren  Versuche  wurde  die  fast  vierfache  Menge 
Acetaldehyd  mit  der  unveranderten  Menge  Alkali  und  Perman- 
ganat  langsani  versetzt.  Nach  24  stundigem  Stehen  fanden  sich 
in  der  Losung  betrachtliche  Mengen  Ameisensaure  vor,  aber 
keine  Oxalsaure.  Bei  vorsichtigem  Arbeiten  scheint  also  Oxal- 
saure nicht  in  wesentlicher  Menge  zu  entstehen.  Da  letztere 
aber  der  einzige  von  Frl.  Denis  gelieferte  Beweis  fiir  die  inter- 
mediare  Bildung  der  Diose  ist,  so  bleibt  es  unentschieden,  ob 
bei  vorsichtiger  Oxydation  des  Acetaidehyds  zu  Ameisensaure 
ebenfalls  die  Diose  intermediar  entsteht.  Wir  haben  daher  zunachst 
Glykoialdehyd  und  Glyoxal  mit  der  von  Denis  verwendeten 
Kalilauge-Permanganat-Mischung  oxydiert,  wobei  wir  wiederum 
das  Oxydationsgemisch  in  die  im  UberschuB  vorhandene  Losung 
gaben.  In  beiden  Fallen  entstanden  nur  auBerst  geringe  Mengen 
von  Oxalsaure,  wahrend  das  Hauptprodukt  der  Oxydation 
wiederum  Ameisensaure  war.  Demnach  liegt  nichts  Unwahr- 
scheinliches  in  der  Annahme,  daB  die  von  Denis  beobachtete 
Koiilensaure  und  die  hier  gefundene  Ameisensaure  als  Oxydations- 
produkte  des  Glykolaldehyds  anzusehen  sind.    Der  normale  Oxy- 
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datioiisveilauf  beini  Glykolaklehyd  ware  denmacli  der  Abbau 
zur  Ameisensaure,  wahrend  uiiter  gevvissen  Bedingungen  audi 
Oxalsaure  gebildet  werden  kanii.  Welche  Stuferi  aber  im  Ab- 
bau des  Glykolaldehyds  duichlaufen  werden,  ob  z.  B.  eine 
Dissoziation  zu  Hydioxyniethyliden  und  Forrnaldehyd,  oder  ob 
Oxydation  zu  Glykolnaure  mit  daiauf  folgender  Si)altun^'  zu 
Kohlensiiure  und  Forrnaldehyd,  oder  ob  endlich  Oxydation  zu 
(Uyoxal  und  Spaltung  in  2  Molekiile  Ameisensaure  statttindet, 
dariiber  liiBt  sich  auf  Grund  der  bisheiigen  Resultate  nichts 
Direktes  sagen. 

Wir  sucliten  daher  zunachst  nach  alkalischen  Oxydations- 
mitteln,  die  statt  des  von  Denis  verwendeten  Permanganats 
zur  Oxydation  des  Acetaldehyds  dienen  konnten.  Die  in  einer 
alkalischen  Losung  oxydierend  wirkenden  Oxyde  oder  Per- 
oxyde  CuO,  Ag.,0,  HgO,  MnO.,,  PbO^  konnten  hierfiir  kaum 
in  Frage  kommen,  da  ihre  Wirkung  erst  bei  hoherer  Temperatur 
merklich  wird,  bei  der  die  Kondensation  des  Acetaldehyds  in 
alkalischer  Losung  zu  schnell  vor  sich  geht.  Denselben  Fehler 
zeigt  eine  alkalische  Losung  von  Kaliuniferricyanid.  Im  Eis- 
schrank  aufbewahrt  war  nach  24  Stunden  der  Acetaldehyd  zu 
einem  rotbraunen  Harz  kondensiert,  und  in  der  Losung  waren 
nur  geringe  Mengen  xAiraeisensaure  nachweisbar.  Wurde  jedoch 
ein  Gemisch  von  Ferricyanid,  Natronlauge  und  Acetaldehyd 
gekocht,  so  fand  rasche  Entfiirbung  der  Losung  statt.  Wurde 
nun  alles  Ferro-  und  Ferricyanid  mittels  Mercuriacetat  gefallt, 
die  Losung  vom  Niederschlag  abfiltriert,  so  ergab  sich  nach 
erneutem  Kochen  ein  Nachweis  der  Ameisensaure  durch 
Ausf alien  des  Mercuroacetats.  Persulfat  erwies  sich  dem  Acet- 
aldeliyd  gegeniiber  in  alkalischer  Losung  als  vollig  unwirksam, 
dagegen  zeigte  Percarbonat  in  alkalischer  Losung  die  rasche 
Bildung  von  Ameisensaure.  Dasselbe  war  der  Fall  bei  alka- 
lischen Losungen  von  Wasserstoffsuperoxyd,  und  da  das  letztere 
in  groBer  Reinheit  und  Bestandigkeit  in  30*7oig6i'  Losung  als 
Merksches  Perhydrol  in  den  Handel  kommt,  so  wiihlten  wir 
in  der  Folge  dieses  Oxydationsmittel  fiir  das  Studium  des  Oxy- 
dationsverlaufs.  AuBer  der  leichten  Entfernbarkeit  des  Uber- 
schusses  durch  Katalysatoren  schien  uns  ein  besonderer  Vorteil 
darin  zu  liegen,  daB,   wie  Frankforter  und  West^)  gefunden 

^)  Journ.  Amer.  Chern.  Soc.  27,  714. 
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liahcn,  alUalischcs  WasserstoflHupfMoxyd  mit  Fornialdchyd  Wasser- 
stoffi^as  ciitwickclt.  Ks  wai'  dalui  nidit  aus^cschlossen,  die 
cut  \\  ickcllt'  VV^asscrstoffiiKMij^c^  diickt,  wcnii  nicht  als  quantita- 
tivcs  MaL».  sf»  (loch  als  (jualitaiivcii  N'acliwcis  dcs  ctwa  intei"- 
nK'diiii"  L,'cl)ildclcii    lu)nnaldeliyds  /u    Ixiiiit/cii. 

Oxydalion   dcs   Koniiald^diyds. 

I'lic  w  ir  nun  ymi  Oxydation  des  Acetald(;liyds  vibcrginKen, 
hicltcn  wir  cs  fiii-  wesentlich,  die  Oxydation  dcs  Formaklchyds 
cin  wenig  nahci-  zu  studieren.  Wie  sclion  erwahnt,  verlauft 
nacli  Fraiikforter  und  West  bci  Ziinmertemp(5ratur  die  Oxy- 
dation des  Fornialdehyds  mit  Wasserstoffsuperoxyd  unter  f(uanti- 
tativer  Entwicklung  von  Wasserstoffgas.  Soweit  uns  bckannt 
ist,  ist  dies  der  einzige  Fall  der  Oxydation  des  Formaldehyds, 
der  von  WasserstofTentwicklung  begleitet  ist.  Da  aber  anderer- 
seits  in  der  Literatiir  Andeutungen  von  Wasserstoffentwicklung 
organischer  Substanzen  mit  Wasserstoffsuperoxyd  vorkommen, 
so  konnte  man  geneigt  sein,  dies  fiir  eine  Eigenart  der  Wasser- 
stoffsuperoxyd-Oxydation  zu  halten.  Uns  schien  es  nun  viel- 
mehr  eine  Eigenart  der  alkalischen  Oxydation  des  Formaldehyds 
zu  sein,  so  daB  dieselbe  Erscheinung  auch  bei  anderen  alka- 
lisehen  Oxydationsmitteln  wiederkehren  sollte.  DaB  sie  be- 
kanntlich  bei  alkalischem  Permanganat  bislang  nicht  beobachtet 
worden  ist,  braucht  uns  nicht  zu  verwundern,  da  der  frei 
werdende  Wasserstoff  sofort  oxydiert  wird.  Von  den  anderen 
Oxydationsmitteln  haben  Frankforter  und  West  PbO.>  und 
MnOg  ohne  Wirkung  auf  Formaldehyd  gefunden,  docli  sind 
die  Losungeh  offenbar  nicht  alkalisch  gewesen.  Wir  haben 
daher  einige  Versuche  in  dieser  Richtung  unternommen,  wobei 
wir  uns  des  umstehenden  einfachen  Apparates  bedienten  (Fig.  1). 
Ein  als  GasauffanggefaB  dienender  I  1-Kolben  G  war  mit  doppelt- 
f'lurchbohrtem  Gummistopfen  verschlossen.  Die  bis  zum  Boden  reichende 
Glasrohre  war  mit  der  Nivellierbirne  B  verbunden.  Diirch  die  andere 
Bohiung  fiihrte  eine  nur  bis  unter  den  Kork  reichende  Rohre  zu  dem 
Dreiweghahn  C,  dessen  zwei  andere  Ableitungen  einerseits  zur  Gas- 
pipette  ///,  andererseits  zum  GasentwicklungsgefaB  //  fiihrten.  Der 
Dreiweghahn    fiihrte    im   Glaskonus    ein    kleines    eingebohrtes   T-Rohr,i) 


^)  Der  gewohnliche  Zweiweghahn,  der  zur  Verbindung  einer  Rohre 
mit  je  einer  von  zwei  rechtwinklig  zur  ersten  stehenden  Rohre  dient, 
laBt  sich  hierzu  sehr  gut  verwenden,    indem   man  den   einen  der  recht- 

3* 
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wodurch  es  in  eiiifacher  VVeiae  inoglich  war,  jede  gevviinschte  V^erbindung 
mit  den  drei  Teilen  des  Ap{)arateH  herzuatellen,  Da.s  Entwicklungngefali 
bestand  aus  einem  kleinen  Erlennieyeitichen  Kolben  E,  der  mit  einem 
Oiiinmikork  vei'Mchlossen  war.  AiiBer  deni  Oasableitung^rohr  trug  der 
Stopten  ein  kleines,  bis  zuui  Boden  des  Erlenmeyer  reichendes  Trichter- 
rohr  T,  das  tlurch  einen  (Jlasliahn  oder  durch  einen  Gummiquetschhahn 
versc'hlossen  werden  konnte.  Nuch  Vertreibung  aller  Luft  aus  dem  Gas- 
behiilter  wurde  das  Trichterrolir  des  Krleniueyers  gescldos.sen  und  der 
Dreiweghahn  so  gestellt,  dali  der  Erlennieyerkolben  mit  dem  Gasauffang- 
getaL)  kommunizierte,  dagegon  nicht  mit  der  (ilaspipette.  Nacli  Ab- 
kiihlung  oder  Ervvarmung  des  Erlenmeyerschen  Kolbens  und  Ein- 
fiihrung  der  zu  oxydierenden  Fiiissigkeit  durcli  das  Trichterrohr  wurde 
das  entwickelte  Gas  in  der  GasHasche  aufgefangen.  Nach  beendeter  Re- 
aktion  konnte  der  Erlenmeyer  durch  das  Trichterrohr  voUkommen  auf- 
gefiillt  werden,  um  alles  Gas  hiniiber  zu  treiben.  Der  Dreiweghahn  wurde 
dann  so  gestellt,  daO  der  Erlenmeyer  verschlossen  war,  wiihrend  die 
Gastlasche  mit  der  Gaspipette  kommunizierte  (/  und  ///). 


Fi2.  1, 


Das  aufgefangene  Gas  konnte  nun  in  der  gewohnlichen  Weise 
analysiert  werden;  etwa  vorhandener  Wasserstoff  wurde  durch  Explosion 
in  bekannter  Weise  oder  durch  Oxydation  mit  Sauerstoff  im  Dennstedt- 
schen  Verbrennungsrohr  bestimmt. 


winklig  aufeinander  stehenden  Kaniile  im  Glaskonus  vollig  durchfiihrt. 
Hierzu  bricht  man  die  Spitze  eines  Drillbohrers  scharf  ab.  Vorteilhaft 
hartet  man  den  Bohrer  durch  Ausgliihen  und  plotzliches  Abkiihlen  in 
konzentrierter  Schwefelsiiure,  wobei  man  sich  vor  dem  Umherschleudern 
der  Saure  schiitzen  muB.  Mit  diesem  auBerordentlich  stark  geharteten 
Bohrer  laBt  sich  Glas  leicht  durchbohren,  wenn  man  es  mit  einer  Losung 
von  35  g  Campher,  100  ccm  Ather  und  50  ccm  Terpentinol  als  Schmier- 
mittel  gut  befeuchtet.  Durch  Fortfiihrung  des  einen  Schenkels  der  recht- 
winkligen  Durchbohrung  bildet  man  im  Glaskonus  selbst  ein  kleines 
T-Rohr. 
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Die  \'(m-su('1h'  wiinlcn  iiuii  ho  augcstcllt  ,  (laB  dcr  Erlen- 
ini'viTsclic  KollxMi  ca.  /ur  Hiilftc  init  dcin  Oxydations^cinisch 
LTcfiillt  utul  /.um  KocluMi  gchraclil  wurdc.  wodurcli  die  Luft 
ails  (Id  l\()hri'  111  ausgetricbcn  wurdc  Xach  Vcihindung  von 
/  mid  //  wurdc  Formaldohyd  durcli  7'  ziir  kocliendcn  Lcisung 
langsain  Inn/ui^cfugt.  Nach  becndotcr  Zugabo  wurdo  das  Kochen 
oinige  Zcit  fortgosotzt  und  daiauf  das  (ia-s  vollig  uach  G  hin- 
iihergodi  iickt.  Vor  dvr  Explosion  wurdc  das  Gas  zur  Knt- 
fernung  ctwa  verdainpftcn  Formaldchyds  mit  Wasscr  gescliiittelt. 
Nach  (ler  Explosion  wurdc  durch  cine  Kontrollbcstimmung 
ctwa  vorhandcncr  COg  die  Abwcsenheit  von  CH^O  sichergcstellt. 
Die  folgcndon   llcsultato  wurdcn  erhalton : 


-  -    - . 

Entw.  Ho 

Oxydationsmittel 

ccm 

K2Cr04  +  KOH 

31 

K,Fe(CN)e  +  KOH 

27 

PbO.,  +  ii-NaOH 

41 

PbO,  +  Ca(0H)2 

35 

AggO  +  KOH 

3.3 

CuO  +  KOR 

95 

MnO.,  +  KOH 

101 

(aus  MnS64  +  KMn04) 

HgO  +  KOH 

— 

(gelb  aus  Mercuriacetat  +  KOH) 

Mit  Ausnahme  des  Quecksilberoxyds ,  das  schon  in  der 
Kalte  zu  Quecksilber  reduziert  wurdc,  entwickelten  samtliche 
Oxydationsgemische  Wasserstoffgas  aus  Formaldchyd.  Die 
Losungen  gaben  stets  cine  so  starke  Ameisensaurereaktion,  daB 
es  wahrscheinlich  ist,  daB  neben  der  Oxydation  mit  Wasserstoff- 
entwicklung  auch  cine  solche  ohne  die  letzterc  stattgefunden  hat, 
d.  h.  Wasserstoff  ist  entwedcr  sofort  oxydiert,  oder  die  Reaktion 

2CH2O  +  KOH  =  HCOOK  +  CH3OH 
ist  nebcnhcr  verlaufen.  Dies  beeintrachtigt  aber  nicht  die 
SchluBfolgerung,  daB  Formaldchyd  ganz  allgemcin  bei  der  Oxy- 
dation in  alkalischer  Losung  Wasserstoffgas  entwickclt.  Quanti- 
tativ  findet  dies  allerdings  nur  bei  der  Oxydation  mit  alkahschem 
Wasserstoffsuperoxyd  unter  bestimmten  Bedingungen  statt. 

Oxydation  von  Polyalkoholen. 

DieFrage,  die  uns  uun  interessiert,  ist,  ob  andererseits  die  Wasserstoff- 
entwicklung  bei  organischen  Oxydationen  dahin  gedeutet  werden  darf,  daB 
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inteimediiir  Formaldehyd  entwickelt  worden  iat.  Buchner,  Meisen- 
heimei  und  Schadei)  liaben  z.  B.  l>ei  der  Oxydution  von  Glucose  mit 
alkaliachem  WasserHtoffsuperoxyd  die  Entwicklung  von  VVasserstoff  he- 
obaclitet.  Sie  erklaren  dies  durcli  die  Annahme  der  Kntsteliung  von 
Foiiiialdeliyd,  ohne  hierfiir  irgendwelchen  experimentellen  Beleg  zu  bringen. 
Nun  haben  aber  Glaser  und  Moravvski^)  bekanntlicli  gezeigt,  dali 
bei  der  Oxydation  von  Glykol,  Glyeerin,  Eiytlirit  uiid  Mannit  und  ver- 
schiedenen  Zuckerarten  mit  Bleisuperoxyd  in  alkuliacher  Losung  VVasser- 
stoff  entwickelt  wird.  Sie  erklaren  den  Vorgang  als  das  Freiwerden  der 
endstandigen  Wassertofliatome  der  primiiren  Alkoholgruppen,  z.  B. : 

H— CHOH 
:  CHOH   ►  H2  +  3HCOOH. 

H  —CHOH 

Abgesehen  davon,  daB  bei  hciheren  Polyalkoholen  die  Entfernung 
der  primaren  Alkoholgruppen  eine  immer  groBere,  dieWasserstoffabspaltung 
dagegen  scheinbar  eine  immer  leichtere  wird,  so  gibt  uns  ein  derartiges 
Schema  doch  keinen  AufschluB  iiber  den  Mechanismus  der  Wasserstoff- 
abspaltung.  AuBerdem  haben  auch  diese  Autoren  Wasserstoff  bei  der 
Oxydation  von  Tetrose  beobachtet,  bei  der  ja  nur  eine  einzige  primare 
Alkoholgruppe  im  Molekiil  vorhanden  ist.  Wir  haben  daher  die  Versuche 
von  Glaser  und  Morawski  wiederholt,  ohne  jedoch  die  quantitative 
Seite  der  Frage  zu  beriilu-en.  Wir  konnten  in  alien  Fallen  Wasserstoft- 
entwicklung  und  Ameisensaurebildung  bestiitigen.  In  gleicher  Weise  ver- 
liefen  Versuche  mit  Glykolaldehyd  und  mit  Glycerinsiiure.  Beide  ent- 
halten  nur  je  eine  primare  Alkoholgiuppe.  Beide  aber  eniwickeln 
Wasserstoff  mit  viel  groBerer  Leichtigkeit  als  ihre  entsprechenden  Alko- 
hole,  Glykol  und  Glycerin.  So  z.  B.  entstanden  beim  Erhitzen  von  5  g 
Calciumglycerinat  mit  10  g  PbOa  und  40  ccm  4n-NaOH  380  ccm  Wasser- 
stoff.   Ximmt  man  an,  daB  die  Oxydation  nach  der  Gleichung  verliiuft: 

/COO      \ 
CHOH    I  Ca  +  50  =  CaCOg  4-  CO.  ^  4  HCOOH  -\-  Ho , 

vCHgOH/s 

so  soUten  391  ccm  Ho  aus  5g  (C3H504)2Ca-[  2HoO  entstehen.  Die 
nahe  Ubereinstimmung  des  gefundenen  Wertes  mit  diesem  ist  wohl  eine 
zufallige,  sie  beweist  aber  die  Richtigkeit  der  Reaktionsgleichung ,  also 
die  Entwicklung  eines  Atoms  Wasserstoff  fiir  je  eine  primare  Alkohol- 
gruppe. Da  aber  die  Abspaltung  eine  weit  leichtere  ist,  als  bei  dem 
zwei  CHgOH-Gruppen  im  Molekiil  enthaltenden  Glycerin,  so  will  uns 
der  Glaser  und  Morawskische  Reaktionsmechanismus  nicht  sehr  wahr- 
scheinlich  diinken.  Nun  beobachteten  wir  bei  der  Priifung  samtlicher 
Reaktionsgemische    mit   Tryptophan    und    Schwefelsaure    starke  Violett- 


1)  Ber.  d.  Deutsch.  chem.  Ges.  39,  4217,  1906. 

2)  Monatsh.  f.  Chem.  10,  582,  1890. 
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fiirbunji  aucli  olmc  Vtiui'ndiin^  von  ll.5r(),.  Dm  J^osunj^i'ii  enlliiollen 
demnacli  siinillicli  Formaldoliyd.  ' )  Dio  Annaluno  lic^t  dalier  naho,  dalj 
l)fi  dciu  hclli^cn  An^iilT  dicscr  Substiinzcn  in  starkem  Hicdond(!n»  Alkali 
ein  viiUi^or  Zcrfall  des  Molckiils  untcr  i'^ntstdiunj^  von  }I(!H()  au.s  j(!der 
CHoDll-Gruppc  slattiindol.  Dor  Foiinaldcliyd  untcrlicgl  dann  soforl 
woitoror  Oxydation  unter  WasscrHtolTt'niwickliing,  uio  man  nacli  unsoien 
Vcrsuchcn  niit   Formaldohyd  crwartcn  niulj, 

I'm  (lies  nocli  in  etwas  anderer  Weise  zu  priifen,  unterwarfen 
wir  (jJlykol  unci  Glycerin  der  alkalisolien  Oxydation  init  Wasaer- 
stofTsuperoxyd,  bei  den(^n,  fails  das  cben  ski//ierte  Schema 
richtiji  ist,  die  Entwicklung  des  Wasserstoffs  eberifalls  auftr(;ten 
soUte.  Es  wurde  daher  Glykol  mit  Natriumhydroxyd  im 
Erlenmeyersehen  Kolben  gemischt  und  hierzu  WasserstofT- 
superoxyd  durch  das  Trichterrohr  gefiigt.  Das  entwickelte  Gas 
\Mirde  zur  Bestimmung  etwa  vorhandener  geringer  Wasserstoff- 
mengen  durch  eine  Dennstedtsche  Verbrennungsrohre  iiber 
erhitztes  Platin  geleitet. 

5g  Glykol,    lOccm  4  n-NaOH,   5  ccm  HgOg. 

Nach  5tagigem  Stehen  bei  Zimmertemperatur  war  in  dem  ent- 
wickelten  Gase  (500  ccm)  Wasserstoff  nicht  nachweisbar.  Die  Losung  wurde 
mit  H2SO4  angesauert  und  unter  vermindertem  Druck  destilliert,  wobei 
das  Destillat  in  einer  bekannten  Menge  reiner  Bariumhydratlosung  auf- 
gefangen  wurde.  Durch  Titration  und  Bariumionenbestimmung  in  ali- 
quoten  Teilen  konnten  sowohl  die  Gesamtsiiure  (HgCOg  -\-  fliichtige 
organische  Saure),  wie  auch  die  organische  Saure  allein  bestimmt  werden. 
Gefunden  wurden  24,1  ccm  "/jq  organische  Saure  und  9,4  ccm  "/iQ-HgCOg. 
Oxalsaure  war  im  Reaktionsgemisch  nicht  nachweisbar.  OfiEenbar  ist  der 
groBte  Teil  des  Wasserstoffsuperoxyds  bei  der  starken  Alkalikonzentration 
zersetzt. 

og  Glykol,  10  ccm  4n-NaOH,  25  ccm  HgO,  1  ccm  H2O2. 
Die  Losung  wurde  zum  Kochen  erhitzt,  nach  einiger  Zeit  alles 
iiberschiissige  H2O2  durch  Platin  zerstort.  Im  Gase  war  Wasserstoff 
nicht  nachweisbar.  Durch  Destination  und  Titration  der  Barytlosung 
wurden  13,3  ccm  "/jQ-Ameisensaure,  20,4  ccm  "^/lo-HgCOg  gefunden.  Letz- 
terer  Wert  ist  wahrscheinlich  zu  hoch. 

5  g  Glykol,  12,5  ccm  4  n-NaOH,    12,5  ccm  HgO,   5  ccm  H2O2. 

Die  Mischung  wurde  zum  Kochen  erhitzt.  Im  Gase  war  wiederum 
kein  Wasserstoff  nachweisbar.  In  der  Losung  wurde  die  Ameisensaure 
nach  der  Leysschen  Methode^)  mit  Mercuriacetat  bestimmt.  Gefunden 
wurden  41,4  ccm  "/iq-HCOOH.     Die  Losung  zeigte  starke  Violettfarbung 


1)  Geo.  W.  Heimrod    und    P.   A.   Levene,    diese    Zeitschr.    25, 
18,  1910. 

2)  Bull.  Soc.  Chim.  Paris  [3]  19,  472  bis  478. 
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bei  tier  Tryptophan- H3P04-Prolje,  dagegen  Braunung  bei  der  Heliner- 
schen  Prube.  Wahrsclieinlieh  ist  clemnach  kein  Formaldeliyd ,  sondern 
Glykolaldehyd  vorlianden. 

Aus  diesen  Resultaten  ware  zu  schlieBen,  daB  bei  (k*n 
hier  eingebaltenen  Versuchsbedingungen  Glykol  nicht  unter 
intermediarer  Bildimg  von  Fornialdehyd  zu  Amoisensaure  oxy- 
diert  wird.  Vielinehr  scheint  die  Oxydation  iiber  Glykolaldehyd 
zu  erfolgen,  wobei  wahrscheinlich  Glyoxal  das  nachste  Oxy- 
dationsprodukt  darstellt.  Ob  es  nicht  dagegen  unter  anderen 
Bedingungen  audi  unter  Formaldehydbildung  oxydiert  werden 
kann,  war  uns  leider  aus  Materiahnangel  nicht  moglich  zu 
untersuchen.  Wir  wandten  uns  dalier  zur  Oxydation  des  leichter 
zuganglichen  Glycerins.  Zunachst  wurden  einige  orientierende 
Versuche  iiber  den  EinfiuB  der  Alkalinitat  unternommcn. 
10  g  Glycerin,  lOccm  4n-Na()H,  30  ccm  HoO,  5  ccm  30o/oiges  HoO._,. 

Wasserstoff  war  nicht  entwickelt.  H.jOg  war  vollig  verbraucht. 
Die  Losung  enthielt  viel  HCOOH,  gab  mit  Tryptophan  in  H3P04-L6sung 
Starke  Aklehydprobe,  jedoch  war  die  Hehnersche  Probe  auf  Form- 
aldeliyd zweifelhatt. 

10  g  Glycerin,  20  ccm  4  n-NaOH,  20  ccm  HoO,  5  ccm  HoO._,. 

Im  Gase  befanden  sich  ca.  39  ccm  Ho.  Die  Losung  enthielt  viel 
HCOOH  und  gab  sowohl  mit  der  Tr3'ptophan-H3P04-Probe,  als  mit  der 
Hehnerschen  Probe  starke  Violettfarbung. 

10  g  Glycerin,  40  ccm  4  n-XaOH,  5  ccm  H^Oo. 

Im  Gase  befanden  sich  ca.  100  ccm  Ho.  Losung  wic  im  vor- 
stehenden  Versuch. 

Aus  den  Resultaten  laBt  sich  wohl  ganz  eindeutig  schlieBen, 
daB  der  Oxydationsverlauf  des  Glycerins  mit  alkaliscliem  Per- 
oxyd  je  nach  der  Alkalinitat  verschieden  verlaufen  kann.  Da- 
bei  deuten  die  Proben  auf  Aldehyde  (Tryptophan  HgPO^)  und 
auf  Formaldehyde  (Hehner)  auf  das  Auftreten  von  Forni- 
aldehyd bei  starker  Alkalinitat,  bei  der  die  Oxydation  wahr- 
scheinlich sehr  heftig  verlauft.  Gerade  bei  diesen  aber  tritt 
Wasserstoffentwicklung  ein,  so  daB  es  hochst  wahrscheinlich 
ist,  daB  der  Wasserstoff  durcli  Oxydation  des  primar  ent- 
standenen  Formaldehyds  gebildet   wird.^)    Bei  gemaBigter  Oxy- 

1)  Seit  dem  AbschluB  dieser  Arbeit  hat  C.  Neuberg  (diese  Zeit- 
schr.  17,  270,  1909)  bei  der  Elektrolyse  reiner  wasseriger  Losungen  von 
Glycol,  Glycerin  und  Erythrit  Formaldehyd  aufgefunden  (s.  bes.  S.287  1.  c); 
ein  ahnliches  Resultat  erhielt  W.  Loeb  (diese  Zeitschr.  17,  343,  1909)  bei 
der  elektrolvtischen  (^xvdation  von  Glvcerin  in  schwefelsaurer  Losung. 
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dation  abcr  schoint  oin  Al)l)jiu  dcs  f Jlyoorinmohikuls  ohne  Ah- 
spaltimu;  voii  l^'oniialdchyd  stattzufiiidcn.  Fiii*  die  (juantitativo 
Bcstiininuiii:;  dci-  \)v[  der  Oxydatioii  dcs  Glycerins  entstchcndeii 
Same  wiirdcn  folgonde  Versuchc  angcstcUt: 

10  g  Glycerin,  40  com  4n-Nii()H,  fxicm  WJ)^ 
\\  ui(l(Mi  orwiirml.  Das  cntvvickcltc  Oas  hoHtand  zum  ^T-oUten  Toil  aus 
Saucrstoff,  os  cntliiill  VA,'2  ccin  Wasserstoff.  Nach  Zcrstorung  alien  VVasser- 
stolTsuperoxyds  wurde  di(«  ^esamte  Lc'isung  nacli  Ansilnerun^  mil  H.^SO^ 
im  X'akuuni  dcstillicrt  und  das  Dostillat  in  Baiiimiliydratiosun^  auf- 
gefangen.  Ana  der  Titration  und  Bariumionenbestimmung  bcrechnoten 
sich  34,9  com  "/,o-HCOOH  und  51,9  com  "Ao-HaCO^.  Da  die  Kohlen- 
siiurc  wahrsclioinlich  durch  Oxydation  der  zuerst  entstandcnen  Ameison- 
saure  entsteht,  so  entsprcchen  51,9  ccm  H.^COg  25,9  com  HCOOil.  Dem- 
nach  war  die  gesamte  aus  Glycerin  entstandene  Ameisensaure  25,9  --  34,9 
60,8  ccm  HCOOH.     Verlauft  die  Reaktion  nach  der  Gleichung  I : 

CaHgOa  -f  3  HaOg  =  Hg  +  3  HCOOH  f  3  HgO , 

so  entsteht  22,3  ccm  Wasserstoff  fiir  je  30  ccm  °/io-HCOOH.      Demnach 

60  8  22  3 
sollten   bei   60,8  ccm  "/lo-HCOOH  -  -„^-^  =  45,3  ccm  Wasserstoff  ent- 

wickelt  werden.  Diese  Zahl  ist  nicht  allzu  weit  von  der  wirklich  ge- 
fiindenen  43,2  entfernt. 

In  einem  anderen  Versuche  wurden 

10  g  Glycerin,  20  ccm  4  n-NaOH,  20  ccm  HoO,  5  ccm  HgOo 

rtuf  ca.  60^  erwarmt.  Die  entwickelte  Wasserstoff menge  betrug  83,9  ccm. 
Durch  Titration  des  Destillats  wurden  143  ccm  ^/iq-HCOOH  und  27,7  ccm 
"  10-H2CO3  gefunden.  Macht  man  dieselbe  Annahme  betreffs  der  H2CO3- 
Entstehung,  so  war  die  gesamte  Ameisensaure  143 -|- 1/2 -27,7  =^  157  ccm 

"/iQ- HCOOH,    die    zur   Bildung    von „"-'-  =  116,7  ccm    Wasserstoff 

hatten  fiihren  sollen.  Wiederum  ist  also  bei  verminderter  Alkalinitat 
die  beobachtete  Wasserstoff  menge  gegeniiber  der  zu  erwartenden  eine 
geringere.  Mit  anderen  Worten  :  die  Oxydation  des  Glycerins  zur  Ameisen- 
saure ist  nur  teilweise  dor  Gleichung  I  gefolgt.  Nebenher  muB  auch  die 
Reaktion  II : 

C3H8O3  —  4H2O2    -  3  HCOOH  -I-  5H2O 
verlaufen. 

Beim  nachsten  Versuche  wurde  die  Alkalinitat  nocli  weiter 
verinindert,  auBerdem  wurde  die  Mischung  nicht  erhitzt,  sondern 
mehrere  Wochen  lang  bei  Zimmertemperatur  sich  selbst  iiberlassen. 

Die  Mischung  bestand  aus 

10  g  Glycerin,  10  ccm  4  n-NaOH,  5  ccm  H2O2 

und  geniigend  Wasser,  um  das  Gesamtvolumen  auf  80  ccm  zu  bringen. 
Wasserstoffgas  wurde  nicht  entwickelt.  Nachdem  Wasserstoffsuperoxyd 
voilstandig  verschwunden   war,    wurde    die   Saure    in    der    gewohnlichen 
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Weiae  bestinmit.  Es  fantlea  sich  25,1)  ecin  "/^..-H.^CUa  und  121,0  ccm 
Vio-HCOOH.  DaU  die  letztere  vvirklich  nur  aua  Ameisensaure  bestand, 
wurde  auBerdem  noch  besondeis  tluicli  Aineisensauiebestimmung  iiHch 
Leys  mittels  Mercuriacetat  festgestellt.  Aus  dern  niedeit^esclilaj^enen 
Kaloniel  berechnete  sich  ein  Gesanitgehalt  von  HCOOH  von  1 17,4  ccm, 
was  uiit  dem  oben  gefundenen  W'erte  gut  iibereinstimmt.  Die  einzige 
tiiichtijj^e  organische  Saure  ist  demnacli  Ameisensiiure.  Ob  audi  nicht- 
tiiichtige  Siiuie,  wie  Glykol-,  Glyoxal-  und  Glycerinsilure,  gebildet  wird, 
wurde  nicht  festgestellt,  doch  vvai-  mit  Sichcrheit  die  Gegenwart  von 
Oxalsaure  ausgesch lessen. 

Endlich  sollte  noch  festgestellt  uerden,  daC  das  Ausbleiben 
der  Wasserstoiientvvicklung  im  letzteri  Versuche  nicht  dnrcli  die 
niedrige  Temperatur,  sondein  durch  die  geringe  Alkalinitiit 
bedingt  war.      Es  warden  deshalb 

10  g  Glycerin,  40  ccm  4  n-NaOH,  5  ccm  HoOg 
bei  Zimmertemperatur  sich  selbst  iiberlassen.  Nach  12  Stunden  hatten 
sich  24  ccm  Wasserstoff  entwickelt,  die  in  weiteren  24  Stunden  um 
36  ccm  vermehrt  wurden,  im  ganzen  also  (50  ccm.  Hioraus  folgt,  daB 
die  Temperatur  zwar  einen  groBen  EinfluB  auf  die  Reaktionsgeschwindig- 
keit  ausiibt,  aber  nur  einen  sekundiiren  auf  den  Mechanismus  der  Oxy- 
dation,  welch  let^terer  vielmehr  durch  die  Hydroxylionenkonzentration 
bestimmt  wird.  Ist  letztere  groB,  so  scheint  ein  volliger  Zerfall  des 
Glyccrinmolekiils  stattzufinden ,  wahrschcinlich  unter  primiirer  Bildung 
von  2  -Molekiilen  Formaldehyd : 

CHoOH         OH         CH.IOH).,         CH^O 

CHOH    -f  ^^         CH(0H)3  HCOOH 

CH,OH  OH  CHo(OH)o  CHoO  -f  3  H^O 
Der  Formaldehyd  wird  dann  sofort  unter  Wasserstoffentwicklung 
zu  Ameisensaure  oxydiert.  Die  Bruttogleichung  dieses  Vorganges  ist 
Gleichung  I.  Bei  niedriger  Hydroxylionenkonzentration  findet  dagegen 
ein  langsamer  stufenweiser  Abbau  statt,  dessen  einzelne  Stadien  sich 
noch  nicht  angeben  lassen,  bei  denen  aber  voraussichtlich  Glj^ciuinaldehyd 
Oder  Dihydroxyaceton  die  Anfangsstufen  darstellen  und  Formaldehyd 
als  Zwischenprodukt  nicht  auftritt. 

DaB  analog  dem  Glycerin  auch  Erythrit  bei  der  Oxydation  mit 
Wasserstofifsuperoxyd  Wasserstoff  entwickelt,  wurde  durch  folgenden 
Versuch  bewiesen: 

2g  Erythrit,  40  ccm  4  n-NaOH,  5  ccm  HgOa 
entwickelten    beim   Erhitzen   37,3  ccm  Wasserstoff.     In   der   Losung  war 
Ameisensiim-e. 

Als  Ergebnis  unserer  Versuche  mit  Formaldehyd  einerseits 
und  mit  Glycerin  andererseits  glauben  wir  schlieBen  zu  diirfen, 
daB  wir  die  Entwieklung  von  Wasserstoffgas  bei  der  alkalischen 


Oxydatioii   von   Aldrhytlcii   in   alkalisclicr   Losung.  43 

Oxydation  organischer  Substanzcn  mil  W'asHcrstofTsuperoxyd, 
wenn  nicht  als  (juanlilativcs  MalJ,  so  doch  als  Iiidicitoi  fiii' 
das   Anftrrt(Mi   von   Formnldoliyd   ansolu^n   diirfcn. 

Oxydation    von    Acclaldcliytl. 

Klio  wir  inni  /uni  Sludiiiin  dor  AcL'taldeliydoxydalioii  uhcr- 
gingen,  imiBtoii  \vii-  uiis  /unaclist  iiber  zwei  Punkto  Klarheit 
ver8cliaiT(Mi.  Da  wcgen  der  auljcroidcntlich  Ickditcn  Konden- 
sationsfahigkoit  des  Acetaldohyds  die  Oxydation  desselben  bui 
ca.  0"  vorgenommeu  werden  muBte,  ho  war  zuniiclist  fest- 
zustelleii,  ob  rormaldchyd  bei  niedriger  Temperatur  die  theo- 
rctische  Menge  Wassorstoffgas  entwickelt.  Fcrncr  muBte  bestimmt 
werdon,  wie  sich  Form  aide  I  lyd  in  Gegenwart  von  Acetaldeliyd 
bei  der  Oxydation  verhalt.  Nach  einigen  vergeblichen  Ver- 
suchen,  bei  denen  das  Gemenge  sich  bei  der  Heftigkeit  der 
Reaktion  erwarmte,  wurden  die  im  Erlemeyerkolben  befind- 
lichen  40  com  verdiinnter  Formaldehydlosung  durch  eine  Eis- 
kochsalzmischung  auf  10 ^^  unter  Null  abgekiihlt.  Darauf  wurde 
durch  den  Trichter  eine  ebenfalls  stark  abgekiihlte  Losung  von 
2  ccm  Wasserstoffsuperoxyd,  10  com  4  n-XaOH  und  30  ccm 
Wasser  sehr  langsam  eingelassen,  wobei  dafiir  Sorge  getragen 
wurde,  da6  die  Temperatur  im  Kolbchen  stets  unter  0"  blieb. 
Darauf  wurde  der  ganze  Apparat  in  den  Eisschrank  gestellt, 
wo  er  mehrere  Stunden  verblieb.  Nun  wurde  das  Gas  vollig  aus 
dem  Erlenmeyer  verdrangt,  auf  Zimmertemperatur  erwiirmt 
und  quantitativ  bestimmt.  Entwickelt  waren  456  ccm  Wasser- 
stoff,  wahrend  mit  den  gleichen  Mengen,  wenn  die  Reaktion 
bei  Zimmertemperatur  verhef,  458  ccm  entwickelt  wurden. 
Hieraus  ist  ersichtlich,  daB  die  Wasserstoffentwicklung  bei  der 
Oxydation  des  Formaldehyds  auch  bei  Temperaturen  unter  O'' 
vollig  quantitav  verlauft.  Uber  das  Verhalten  des  Formaldehyds 
bei  Gegenwart  von  Acetaldehyd  geben  die  folgenden  Versuche 
AufschluB. 

10  ccm  einer  willkiirUch  gewiililten  Formaldehydlosung  entwickelten 
165  ccm  WasserstolT.  Wurde  dieselbe  Menge  Formaldehyd  mit  10  ccm 
einer  20%igen  Acetaldehydlosung  und  20  ccm  Wasser  unter  starker  Ab- 
kiihlung  vermischt  und  liierzu  ein  Gcmisch  von  15  ccm  4  n-NaOH,  5  ccm 
H2O2  und  20  ccm  HoO  gesetzt,  so  wurden  130  ccm  Wasserstoff  ent- 
wickelt. Darauf  wurde  in  einem  dritten  Versuch  das  Alkali  dem  Aldehyd- 
gemisch    vor    HinzAifiigung    des    WasserstotTsuperoxyds     beigegeben.      Es 
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wurden    also    10  ccm  Formaldehyil,    10  ccm  Aoetaldehydl6«ung,    10  ccm 

4  n-NaOH  iiiid  10  lciu  H.A)  unter  htarker  Abkiihlung  veimischt  und  nach 
kurzem  Stelien  mit  5  cem  NaOH,  5  ccm  H^O.^  und  30  ccm  H^O  veraetzt. 
Die  entwickelte  Ciaamenge  betiug  100  ccm.  liei  Wiederliolung  dieses 
Versuches  wiirde  das  Aldeliyd-Alkaligemisch  vor  der  Oxydation  15  Mi- 
nuten  bei  0*^  sich  selbst  uberiassen.  Die  entwickelte  Gasmenge  war  auf 
30  ccm  zmiickgegangen.  In  alien  Fallen  waren  die  Losungcn  stark 
alkalisch  und  Wasserstoffsuperoxyd  im  CbcischuU  vorhanden.  Trotzdem 
verminderten  wir  in  dem  niichsten  Versuch  die  Acetaldehydmenge  unter 
Erhohung  der  Wasserstoft'sujjeroxyd-Konzentration.  Es  wurden  also 
10  ccm  Formaldchyd,  5  ccm  Acetuldcliyd,  10  ccm  NaOH  und  15  ccm 
H2O  35  Minuten    sich    selbst    uberiassen.      Dann    wurden  5  ccm  NaOH, 

5  ccm  H2O2  und  10  ccm  HgO  hinzugefiigt.  Nach  Beendigung  der  Gas- 
entwicklung  wurden  dann  weitere  5  ccm  H.^Oo  und  15  ccm  H.>0  nach- 
gegeben.  Nach  liingerem  Stehen  wurde  die  gesamte  Gasmenge  zu  25  ccm 
bestimmt. 

Aus  diesen  Resiiltaten  folgt,  daO  unter  EinfluB  des  Alkalis 

eine    Kondensation    des    Acetaldehyds    mit    dem    Formaldehyd 

stattfindet,   wodurch  Produkte  entstehen,  die  keinen  Wasserstoff 

entwickein,    d.   h.   bei    deren  Abbau  Formaldehyd  nicht  wieder 

gebildet    werden    kann,    da    sonst    zuin    mindesten    das  gleiche 

Volumen  Wasserstoff  hatte  entwickelt  werden  sollen.^)    Es  ware 

ja  auch    denkbar,    daB    der  aus  dem  Formaldehyd  entwickelte 

Wasserstoff  den  gleichzeitig  vorhandenen  Acetaldehyd  reduziert, 

und  somit   zu  niedrige  Wasserstoihverte  ergebe.     Dies  aber  ist 

hochst  unwahrscheinlich,  da  die  Menge  des  entwickelten  Wasser- 

stoffs  von  der  Zeit  abhiingt,   wahrend  welclier  Formaldehyd  und 

Acetaldehyd    vor  der  Oxydation  miteinander  in  Beriihrung  ge- 

wesen  sind.    Wir  glauben  daher,  die  Moglichkeit  der  Aufnahme 

von    Wasserstoll    durch    Acetaldehyd     bei    der    Oxydation    des 

Formaldehyds    ausschlieOen    zu    konnen    und    die  Abnahme    in 

der    entwickelten    Wasserstoffmenge     durch    Kondensation    zu 

hoheren  Zuckern    erklaren    zu    diirfen.     Auf  jeden  Fall  ist  er- 


1)  Bei  dieser  Gelegenheit  wollen  wir  erwahnen,  daB  Blank  und 
Finkenbeiner  (Ber.  31,  2979,  1899)  bereits  versucht  haben,  Acet- 
aldehyd mit  alkalischem  Wasserstoffsuperoxyd  zur  Saure  zu  oxydieren. 
Es  scheint  ihnen  dabei  entgangen  zu  sein,  daB  Ameisensaure  entsteht. 
Wegen  der  Unvollstiindigkeit  der  Reaktion  waren  sie  nicht  imstande, 
eine  quantitative  Bestimmungsmethode  darauf  zu  griinden.  Aus  unseren 
Versuchen  ist  ferner  ersichtlich,  daB  die  Frankforter  und  Westsche 
Methode  der  Formaldehydbestimmung  mittels  Wasserstoff  bei  Gemischen 
von  Formaldehj'^d  mit  anderen  Aldehyden  zu  ungenauen  Resultaten  fiihrt. 


Oxydation   von   Alddiydcn   m  alkaliHchcr   l.iihung.  45 

sic'litliih,  (laD  aiich  bei  Gogeiiwart  von  Acftaldehyd  Wasserstoff 
Ix'i  (Icr  Oxydation  von  Forinal(l(;liyd  cntwickelt  wild.  Es  sclieint 
claluM-  icrlit  wolil  nuij^licli,  duicdi  Oxydation  dcs  A(;(^taldehyds 
init  alkaliscOu'in  WasserstolTsiijUM-oxyd  die  hia^^i^  /u  entschoidcn, 
ol)  l"'orniald('liyd  als  intcrmediilros  J'rodukt  entstcht.  *)  Wird 
WaasorstofT  pcfundcn,  so  ist  die  Frafijc  ohnc  woiUTcs  zu  })cjalien, 
wiihreiul  iin  aiidci-cn  Fallc  die  V^'rncinimL:;  /war  nidit  niil  dor- 
solben  Siclicrlunt,  ahcr  anf^esichts  dcr  groBcren  Geschw  indigkeit 
der  Rt'aktion  gegeniiber  der  Kondensationsgescliwindigkeit  mit 
dvm  el)enfalls  im  UberschuB  vorhanden(3n  Acetaldoh\'d  mit 
zieniliclier  Walirscheinlichkeit  gemacht   wcrden  kann. 

Wir  gingen  nun  zur  Oxydation  dcs  Acetaldehyds  und 
einigcr  seiner  nioglichen  Oxydationsprodukto  iiber. 

Zu  dicsem  Zweckc  wurde  das  Erienmeyersche  Gcfiili  mit  cinor 
cisgekiihlten  Mischung  von  5  g  Acetaldehyd  und  40  ccra  Wasser  beschickt. 
Hiorzu  wurde  cine  Losung  von  10  ccm  4  n-XaOH,  5  ccm  HgOg  und 
20  ccm  Wa-sscr  gefiigt  (Gesamtvolumcn  80  ccm).  Die  Mischung  wurde 
24  Stunden  bei  0^  gelialten.  Nach  Ablauf  dieser  Zeit  erwies  sich  das 
Gas  als  vollig  frei  von  Wasserstoff.  Nach  der  Destination  wurde  die 
gesamte  fliichtige  Saure  zu  186,6  ccm  "/jq  bestimmt,  von  dcnen  21.2  ccm 
H2CO3  waren.  Die  Bariumlosung  wurde  dann  auf  dem  Was.serhade  ein- 
gedampft,  wobei  sich  ein  Teil  des  iiberdestillierten  Acetaldeiiyds  zu  Harz 
kondensierte.  Bei  der  Falhing  des  iiberschiissigen  Bariumhydrats  als 
BaCOs  haftete  das  Harz  am  Barytniederschlag.  Durch  Abfiltrieren 
erneutes  Eindampfen  und  Niederschlagen  laBt  sich  das  Harz  sehr  weit- 
gehend  entfemen.  Trotzdem  mag  der  mit  der  Jonesschen  Methode 
erhaltene  Wert  fiir  Ameisensaure  zu  hoch  ausgefallen  sein.  Bestimmt 
wurden  81,8  ccm  Ameisensaure,  so  daB  83,6  ccm  Essigsaure  vorhanden 
sein  muBten.  In  der  Losung  konnte  keine  Spur  von  Oxalsaure  nach- 
gewiesen  werden.  Aus  diesem  Versuch  ergibt  sich  also,  daB  Ameisen- 
saure aus  Acetaldehyd  ohne  Bildung  von  Formaldehyd  entsteht. 

Wie  schon  eingangs  erwahnt,  erklart  Nef  die  Bildung  von 
Ameisensaure  aus  Acetaldehyd  durch  Dissoziation  des  zunachst 
entstandenen  Glykolaldehyds  in  Formaldehyd  und  Methyliden- 
hydroxyd.  Obgleich  dies  nun  schon  durch  die  obigen  Resultate 
hochst  unvvahrscheinlich  geworden  ist,  wollten  wir  doch  die 
direkte    Priifung     durch     Oxydation     des    Glykolaldehyds    mit 


1)  Blank  und  Fin  ken  bei  ner  geben  an,  bei  der  Oxydation  \on 
Acetaldehyd  mit  alkalischem  W^asserstoffsuperoxyd  Wasserstoifentwicklung 
beobachtet  zu  haben.  Da  aber  iiber  die  Versuchsbcdingungen  und  iiber 
die  Menge  des  entwickelten  Wasserstoffs  keine  Angaben  gemacht  sind, 
so  kann  dies  hier  nicht  weiter  in  Betracht  gezogen  werden. 
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alkalischem  VV'asserstuflsuperoxyd  nic;ht  unterlassen.  Es  sind 
daher  einige  Versuehe  mit  Ulykolaldeliyd  und  dessen  moglichen 
Oxydationsstufen  unternominen  worden. 

(ilykohildehyd. 

Der  Erlenmeyersche  Kolben  vvurde  mit  10  ccm  4  n-NaOH,  10  ccm 
HgO  uud  5  cciu  H2O2  bescliickt,  durcli  da.s  Trichterrohr  w  urden  5  ccm 
einer  ca.  20^/oigen  Glykolaldehydlosung  langsam  eingelassen,  wobei  Er- 
wiiimung  moglichst  vermieden  wurde.  Wasserstott'  war  nicht  entwickelt. 
Die  Losung  enthielt  keine  Oxalsaiiro.  Bei  der  Destination  wurden  aiiCer 
einer  geringen  Menge  Kohk'nsaure  220  ccm  HCOOH  (nach  Jones  Me- 
thode  bestimmt)  gefunden. 

Beim  Ervvarmen  der  Glykolaklehyd-Wasserstoft'superoxyd-Mischung 
tritt  sehr  hoftige  Reaktion  ein.  Trotzdem  war  aiich  dann  Wasserstoft' 
im  CJasgemisch  nicht  aufzutinden  (s.  dagegen  Oxydation  mit  Pb02  -pK^^H)* 

Glyoxal. 

Dasselbe  kam  in  Form  des  Natriumbisulfitsalzes  zur  Verwendung. 
Da  sich  bei  der  direkten  Oxydation  einige  Schwierigkeiten  ergaben,  so 
wurde  dasselbe  durch  Koclien  mit  verdiinnter  Schwefelsaure  zuniichst 
zersetzt.  15  g  des  Bisulfits  wurden  in  Wasser  gelost  und  mit  der  be- 
rechneten  Menge  2n-H.,S04  auf  dem  Wasser  bade  bis  zum  volligen  Aus- 
treil)en  des  SOo  erwarmt.  Die  Losung  wurde  dann  in  Eis  gekiihlt,  mit 
12  ccm  HoOo  und  2n-Natronlauge  im  UberschuB  versetzt.  Wasserstoff- 
entwicklung  trat  nicht  ein.  In  der  Losung  war  Oxalsaure  nicht  vor- 
handen.  Nach  der  Destination  der  angesauerten  Losung  wurden  468  ccm 
HCOOH  und  lOG  ccm  H0CO3  bestimmt.  Da  die  Bestimmung  der  Silure 
nach  Jones  472  ccm  HCOOH  ergab,  so  bestand  otienbar  die  Gesamt- 
saure  aus  Ameisensaure. 

Glykolsaure. 

3  g  Glykolsiiure,  10  ccm  4n-NaOH,  20  ccm  HoO,  5  ccm  HoOo. 

Wasserstoff  war  nicht  entwickelt;  Oxalsaure  konnte  nicht  nach- 
gewiescn  werden.  Im  Destillat  waren  G0,6  ccm  °/iq  organische  Siiure 
und  123  ccm  "/1Q-H0CO3.  Bei  der  Bestimmung  der  organischen  Saure 
nach  Jones'  IMethode  berechnete  sich  ein  Wert  von  72  ccm  Ameisen- 
saure. Da  die  Losung  starke  Reaktion  auf  Glyoxylsaure  zeigte,  und 
diese  die  doppelte  Menge  KMn04  zur  Oxydation  verlangt,  so  bestand 
die  organische  Saure  wahrscheinlich  aus  ca.  50  ccm  HCOOH  und  10  ccm 
Glyoxylsaure. 

Glyoxyls^iiure. 

Zu  einer  Mischung  von  5  ccm  einer  ca.  50%igen  Glyoxylsiiure- 
losung,  20  ccm  H.jO  und  10  ccm  4n-NaOH  wurden  5  ccm  H2O2  gesetzt. 

Die  Mischung  erwarmte  sich  schon  vor  Zusatz  des  H2O2.  Wasser- 
etoffgas  war  nicht  entwickelt.    Die  Losung  enthielt  Oxalsaure,  doch  zeigte 
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ein  Kontrollvcrsuc'li  oliiic  Uj).y,  duB  (ilyoxylHiiure  in  alkalischor  Losuiig 
sicli  /M  Oxalsiiurr  zeiHotzt.  Nach  volligcin  VcrHchwinden  dor  (•lyoxylsiiuro- 
rcaUtion  und  Zcrstcinin*!  (\v»  iilxTHcliii.ssigcn  WJ).^  wurde  da.s  Roaktions- 
gcniiscli  angosaucrl  uud  dcslillicMt.  (jlefundcn  wtirdci)  I8l,7  ccm  7,^ 
organisclic  Saiin>  urxl  'A\'2,i\  cc-m  "/lo'fj^^'^ '.i-  ''x'i  <ier  Ik'.stirnmung  nach 
d(M-  Jonf'ssclicn  Mt'thodo  wiirdcn  172  {;{;ni  AinciHonHaiiro  /^cfiindon.  Der 
W'cit  (l«T  K()hl(Misaure  ist  zu  niculriLS  wcil  hci  dcr  Jicstirnimin;^  JWium- 
carhoiial  vcilorcii  g<';^an<;cn  war.  Kr  isl  jcdoch  dem  VorliiiltniH  2:1  ziir 
Amciscnsiiurc  iialio  L'cnufi,  uni  zu  Ijcvvciscn,  dalj  (Jlyoxylsiiun'  in  I  .Mcjlckii] 
KohliMisiiiirc  und   1    Mok'kiil  AinciHcnsainc  zcir.illt. 

Hctrachton  wir  nun  die  IU\sultato  dicscr  Vc'isuchc,  so  ist 
liei  (lor  voUigen  Abwescnheit  von  WasserstofT  in  siimtliohen 
Fiilk'ii  die  intermediare  Bildung  von  Formaldehyd  .selir  un- 
wahrscheinlich.  Ist  einc  Carboxylgruppe  vorlianden,  so  wird 
die  benachbarte  Alkoholgruppe  zur  Aldehydgruppe  oxydiert, 
und  nun  tritt  die  Spaltung  des  Molekiils  unter  Bildung  von 
Amcisens'iure  und  von  Kohlensaure  ohne  intermediare  Bildung 
von  Formaldehyd  ein.    Glykolsiiure  zerfallt  daher  iiber  Glyoxyl- 

saure  zu 

CHoOH  CHO  HCOOH 

— >   I  -► 

COOH  COOH  HoCO.-j 

Aus  dem  Vergleich  des  Verhaltnisses  der  Kohlensaure  zur 
Ameisensaure  folgt,  daB  Glykolaldehyd  und  Glyoxal  nicht  zur 
Glykolsaure  oder  Glyoxylsaure  oxydiert  vverden,  sondern  direkt 
ohne  Entstehung  von  Formaldehyd  als  Zwischenprodukt  zu 
Ameisensaure  oxydiert  werden.  Dies  ist  aber  nur  moglich, 
wenn  Oxydation  der  der  Aldehydgruppe  benachbarten  Alkohol- 
gruppe stattfindet,  bevor  unter  Spaltung  des  Molekiils  aus  dem 
Aldehyd  Ameisensaure  entsteht. 

Ehe  wir  nun  aus  unseren  bisherigen  Versuchen  die  SchluB- 
folgerungen  fiir  die  Oxydation  des  Acetaldehyds  ziehen,  wollen 
wir  einen  Versuch  beschreiben,  bei  dem  wir  die  Oxydations- 
fliissigkeit  des  Acetaldehyds  auf  etwa  vorhandene  Reduktions- 
produkte  hin  untersuchten. 

Es  war  ja  z.  B.  nicht  unmoglich,  daB  die  Oxydation  des 
Acetaldehyds  in  der  Weise  verlief,  daB  die  Aldehydgruppe  von 
der  CHg-Gruppe  sicii  abspaltete  unter  Bildung  von  1  Molekiil 
Ameisensaure  und   1   Molekiil  Methylalkohol. 

C'Hg  OH  CH3OH 

I  -f 

CHO  OH  HCOOH 
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Obgloich  eine  derartige  Reaktion  wenig  WahrHcheinliehkeit  fiir 
sich  hat,  so  schien  en  uiis  docli  geboten,  dieselbe  der  experi- 
mentellen   Priifung  zu  untervverfen. 

Hierzu  vvuide  zuniichst  ein  gioCeres  Quantum  Acetaldehyd  oxydiert, 
und  zwar  in  der  Weise,  daLJ  zu  einem  (iemlscli  von  5  g  Acetaldehyd, 
30  ecm  H.^C),  10  ccni  4n-Xa()H,  5  ccui  H.^O^  von  Zeit  zu  Zeit  NaOH, 
Acetaldehyd  und  HjjOg  zugefiigt  vvurden,  so  dali  iin  J^aufe  melirerer 
Tage  15  g  Acetaldehyd,  30  com  NaOH  und  15  ccni  H2O2  in  der  Re- 
aktionsmischung  zur  Einwirkung  gelan^t  waren.  Darauf  wurde  das  noch 
vorhandene  H.^Og  durch  Pt  zersetzt  und  die  Losung  auf  100  ccm  auf- 
gefiillt.  50  ccm  hiervon  wurden  dann  mit  ammoniakalischem  Silberoxyd 
so  lange  behandelt,  bis  samtliche  Aldehyde  oxydiert  waren.  Nach  An- 
sauerung  mit  H.^SO^  wurde  die  Losung  destilliert,  das  Destillat  zwecks 
Zuriickhaltung  aller  organischer  Siiure  alkalisch  gemacht  und  nochmals 
destilliert.  Endlich  wurde  das  letzte  Destillat  ira  Zeisel-Fantoschen 
Apparat  zur  Methoxylbestimmung  benutzt.  Das  Resultat  war  absolut 
negativ.  Zur  KontroUe  wurden  direkte  Bestimmungen  von  wiisserigen 
Methylalkohol-Losungen  in  ahnlicher  Weise  mit  befriedigenden  Resultaten 
ausgefiihrt,  so  daB  das  Ausbleiben  der  Reaktion  als  guter  Beweis  fiir 
den  AusschluB  der  Methylalkoholbildung  bei  der  Oxydation  des  Acet- 
aldehyds  angesehen  werden  darf.  In  den  verbliebenen  50  ccm  Reaktions- 
mischung  wurden  die  Sauren  durch  Destination  usw.  bestimmt.  Dabei 
wurde  die  Ameisensaure  wegen  des  groBen  t)berschusses  an  Acetaldehyd 
nach  der  Leysschen  Methode  bestimmt.  Die  gefundenen  Werte  waren 
auf  die  Gesamtlosung  berechnet  526,4  ccm  CH3COOH,  80,2  ccm  HCOOH, 
20,5  ccm  H2CO3.  1st  H2CO3  aus  HCOOH  entstanden,  und  ware  alle 
HCOOH  unter  Bildung  von  Methylalkohol  entstanden,  so  hatten  obige 
50  ccm  Flussigkeit  0,144  g  Methylalkohol  enthalten  sollen,  die  1,0575  g 
AgJ  niedergeschlagen  liiitten.  Diese  Zahlen  beweisen  deutlich,  daB  obige 
Reaktion  keine  Rolle  beim  Abbau  des  Acetaldehyds  spielt. 

Betreffs  der  Verschiedenheit  der  relativen  Menge  entstandener  Essig- 
saure  und  Ameisensaure^)  bei  diesen  Versuchen  (6^/2  :  1)  gegeniiber  dem 
zur  Wasserstoffbestimmung  beschriebenen  Versuche  (1:1)  sei  auf  die 
groBe  Verschiedenheit  der  Versuchsbedingungen  hingevviesen.  AuBerdem 
aber  laBt  die  Genauigkeit  der  Ameisensaurebestimmung  in  Gegenwart 
von  Aldehyden  und  Kondensationsprodukten  manches  zu  wiinschen  iibrig. 

Fassen  wir  nun  das  gesamte  vorliegende  Material  zusanimen, 
so  konnen  wir  den  Reaktionsmecbanismus  des  Acetaldehyd- 
abbaues  in  alkalischer  Losung  folgendermafien  daraus  ableiten: 


1)  Bei  der  anodischen  Oxydation  des  Acetaldehyds  (Ber.  41,  4443, 
1908)  war  Essigsaure  nicht  beobachtet  worden.  Bei  der  Wiederholung 
dieser  Versuche  haben  sich  audi  hier  groBe  Verschiedenheiten  im  Ver- 
haltnis  der  beiden  Sauren  ergeben,  vor  allem  in  der  Vermeidung  der 
volligen  V^erbrennung  der  Ameisensaure  zu  HoCOg. 
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Die    verschiedt'nen    Reaktioiien    lassen    sic  li    in    folgendem 
Schema  ziisanniKMifassen: 


CILCOOH 


CH3  —  CHO      CH3OH 


>2HC00H II 


CH^O 


HCOOH 


>2  HCOOH 


HCOOH 


III 

IV 
V 


CHO 


HCOOH  .     VI 
CO2 

COOH VII 


CHO 


COOH 
2  HCOOH 


.  VIII 


Von  diesen  stellt  Reaktion  I  den  Oxydationsverlauf  zu  50  bis  80  Vo 
dar.  Reaktion  II  spielt  bei  der  Oxydation  so  gut  wie  gar  keine 
Rolle  (Siehe  Bestimmungen  des  Ag  7).  Der  mit  dem  Acetaldehyd  im 
Gleichgewicht  befindliche  Vinylalkohol  kann  nicht  nach  Gleichung  III 
oxydiert  werden,  da  der  dabei  entstehende  Formaldehyd  zur  WasserstofE- 
entwicklung  AnlaB  geben  wiirde.  Demnach  muB  zunachst  Glykolaldehyd 
entstehen.  Letzterer  aber  kann  nicht  nach  Gleichung  IV  zerfallen,  da 
auch  dieses  zur  Wasserstoffentwicklung  fiihren  wiirde.  Ebenfalls  ist 
die  Oxydation  des  Glykolaldehyds  zu  Glykolsaure  als  ausgeschlossen 
zu  betrachten,  da  nach  Seite  46  Glykolsaure  iiber  Glyoxylsaure  zu 
einem  Molekiil  Ameisensaure  und  einem  Molekiil  Kohlensaure  oxy- 
diert wird.  Das  Verhaltnis  von  Kohlensaure  zu  Ameisensaure  miiBte 
demnach  1 : 2  sein ,  wahrend  wie  angegeben  das  Verhaltnis  4 : 1  ist. 
Die  Glyoxylsaiirestufe  (V  und  VI)  spielt  demnach  hochstens  eine 
untergeordnete  Rolle.  Was  nun  die  Gleichung  VII  anbelangt,  so 
ist  sie  ebenfalls  bei  der  Wasserstoffsuperoxyd-Oxydation  so  gut  wie 
ganz  auszuschlieBen ;  dagegen  kann  sic  bei  heftiger  Oxydation 
mit    alkahschem    Permanganat    wohl    von    Bedeutung    werden  (Denis), 

9* 
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Da  nun  endlich  aiicU  die  Oxydation  der  piiniar  enUtandenen  E^jHigsaure 
bei  der  groUen  Beatandigkeit,  sowie  wegen  des  gefundenen  V'erhiiltniiiseB 
H.>Cl)3:  HCUOH  keine  grobe  Bedeutung  haben  kann,  so  bleiht  als 
wahi'bcheinlicher  UeaktionHmeehaiiismus    die   Uleicliung  VIII. 

Die  Resultate  der  direkten  Oxydation  des  Glykolaldehyds  und  des 
Glyoxals  stehen  ja  auch  aowohl  beim  Perraanganat,  wie  beim  Wasser- 
stoffsuperoxyd  hiermit  viillig  im  Einklan^'.  Deninach  durchiiiuft  die 
Oxydation  die  Stufen: 

Acetaldehyd  (V^inylaikohol)  — >•  Clykolaldehyd  — ►  (ilyoxal  —  ► 
— ►  Ameisensaure  — ►  Kohlensiiure. 

An  dieser  Stelle  mogen  2  Versuche  wiedergegeben  werden, 
die  beweisen,  daB  zur  Bildung  der  Ameisensiiure  aus  Acet- 
aldehyd koines wegs  hohe  Hydroxylionen-Konzentrationen  notig 
sind,  wie  sie  hier  vervvandt  vvorden  sind ,  oder  wie  man  nacii 
Mc  Leod^)  glauben  konnte. 

Letzterer  namlich  glaubt,  dal3  Vinylalkohol  nur  bei  Konzentrationen 
von  mehr  als  ^/lo^  o  Natronlauge  vorhanden  ist.  Demnach  diirfte  bei 
Hydroxylionen-Konzentration  von  weniger  als  2  10  -  keine  Ameisensaure 
entstehen.  Nun  hat  aber  eine  normale  Aramoniaklosung  nur  4  10~^ 
Mol.  OH'  im  Liter.  Es  wurden  daher  i\  ccm  Ammoniak  (900  SG)  mit 
2  ccm  H2O2,  2  ccm  CH3CHO  auf  100  ccm  Losung  verdiinnt  und  zuni 
Kochen  erwarmt.  Xach  Zerstoren  des  iiberschiissigen  H^Oo  wurde  mit 
HoSO^  angesauert  und  destilliert.  Im  Destillat  bcfanden  sich  reichliche 
Mengen  HCOOH.  Da  CH3CO  mit  NH3  sich  vereinigt,  ebenfalls  HoO.,, 
so  ist  die  wirkliche  Hydroxylionen-Konzentration  wahrscheinlich  weit 
geringer.  Im  zweiten  Versuche  wurden  4  g  CHjCHO  und  5  ccm  HoO., 
zu  50  ccm  aufgefiillt,  wobei  Magnesiumoxyd  als  Bodenkorper  diente.  Die 
Losung  wurde  bei  0"  gehalten  und  von  Zeit  zu  Zeit  umgeschiittelt.  Xach 
mehrwochentlichem  Stehen  wurde  in  einer  Probe  das  HoO.,  zerstort, 
vvorauf  die  Losung  deutliche  Amei^ensiiure-Reaktion  mit  Mercuriacetat 
ergab.  Da  eine  gesiittigte  Losung  von  Magnesiumoxyd  nur  2  10"^*  Mol. 
MgO  im  L.  enthiilt,  so  kann  selbst  bei  voUiger  Dissoziation  die  Hydroxyl- 
ionen-Konzentration 4  10~^  nicht  iiberschreiten.  Ameisensaure  wird 
also  selbst  bei  diesen  geringen  OH'-Konzentrationen  noch  gebildet,  wenn 
auch  nur  langsam.  Es  muB  also  auch  bei  diesen  Konzentrationen  das 
Gleichgewicht  Acetaldehyd  ^  "^  V.nylalkohol  bestehen. 

Reaktioiisgeschwindi^keit. 

Es  ist  aus  alledem  nun  klar,  daB  bei  der  alkalischen 
Oxydation  des  Acetaldehyds  nicht  nur  die  Oxydation  nacli 
melireren  Richtungen  hin  erfolgt,  sondern  daB  auch  mehrere 
Zwi.schenstufen  bis  zur  Erreichung  der  Endprodukte  (CH3COOH, 
HCOOH  und  COo)  durchlaufen    werden  miissen.     Es  ist  daher 

1)  Amer.  Chem.  Journ.  37,  20.   1907. 
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vr)llijj;  aussiclitslos,  dcii  (limh  Titralion  Ixst  iininten  Siiurowerten 
ir^i'iid  wclclic  lMilL,M'i-un<i('ii  iilxr  die  Ivfakl ionsonliiurij^  zii  cut- 
ncliiiHMi.  'rr()t/(l(Mn  scliicn  cs  ;iii;i;el)rac'lit  cini^c  Versuchc  iiber 
die  lv(\ildi()iisL'csclnvin{li«!;k('it  hci  w  (HhsclndiU"  Konzontration 
dcr  (Mn/cliicn  Komponciitcn  aii/uslcllcn.  Flirrzu  hcdicnteii  wir 
iiiis  dvs  fcjlgciidcn  LMnfaclion   VcrfahrciiH: 

In  einer  stark  abgekiihiton  50  ccm-MoUfla.scho  wurden  wochHclnde 
Mon^i'ii  Aceta)deliyds  init  ai.  10  ccm  WasHcr  vcrmLscht.  In  einer  zwciten 
Mcl3llasclio  wiirdon  25  ccm  2  n-XaOH  clicnfalls  stark  ah^ekiihlt  und  init 
deiu  Acetaldchyd  vonnischt.  Hicrzu  wurdc;  die  hetrcflende  Mcngo  H.A)^ 
gcfiigt,  der  25  ccm-Kolben  einige  Male  rait  Wasser  ausgespUlt  und  da- 
init  der  50  eem-Kolben  bis  zur  Marke  aufgefullt.  Die  Reaktionsfliissig- 
keiten  wurden  niit  zerkleiucrtem  Eis  umgeben  im  Eisschrank  aufbevvahrt. 
-Mittels  einer  I'ipctte  wurden  von  Zeit  zu  Zeit  5  ecm  entnomnien  und 
in  eine  bekannte  Menge  °/jq-HC1  entleert.  Dann  wurdc  rait  Phenol- 
phthalein  und  "/,o-NaOH  zuriicktitriert. 

I. 
2  ccm  CH3CHO,  25  cem  2  n-NaOH,   1  ccm  HoO.^:-  H2O. 


Zeit 

Titer                     Saure 

0 

1'^    5' 

3"  15' 

7M5' 

Reaktion  schon  v 

orher 

48,1                         — 
46,35                     1,75 
43,13                    4,97 
42,7                       5,4 
beendet.     Daher  1  ccm  HoOg  am  Ende  der 

8.  Stunde  hinzugefiigt. 

2P 

31,8                     10,3 

IT. 
:    ccm  CH3CHO,  25  ccm  2  n-NaOH,  5  ccm  HoO.  -f  HgO. 


Zeit 

Titer 

Saur 

0 

48,5 

— 

1"  20' 

46,05 

2,45 

2'>  50' 

44,25 

4,25 

51^20' 

41,4 

7,1 

18^  20' 

33,35 

15,15 

26^  20' 

30,37 

18,13 

32^ 

29,00 

19,5 

44''  30' 

20,9 

21,6 

III. 

2  ccm  CH3CHO,  25  ccm  2  n-XaOH,  10  ccm  HoOo  -f  HoO. 

Zeit                       Titer  Saure 

0                        48,15  — 

P  20'                      47,8  0,35 

3'>50'                     46,75  1,4 

5,25 


10,5 


16*^  50' 

42,9 

24*^  50' 

40,95 

43^^ 

37,65 

52  ^'*'  V\ .  lldimiod  uad  1*.  A.  Levene: 

iV. 
4  com  CH^jCHO,  25  ccm  2  n-XaOH,  5  ccm  H.,Oa  j-  H.^O. 
Zeit  Titer  Saure 

0  47,y  — 

\^  40,45  7,45 

3^  30'  27,35  20,55 

5''  20'  23,3  24,0 

n^  12,65  35,35 

25»^  30'  10,4  37,5 

30^  40'  0,S5  38,05 

42^  9,77  38,13 

Die  Losung    war    gelb  und  zeigte  die  HoOo-Reaktion    nicht    mehr. 
Die  Oxydation  war  daher  schon  vor  Ablauf  der  42.  Stunde  beendet. 

V. 

8  ccm  CH3CHO,  25  ccm  2  n-XaOH,  5  ccm  HoOo  f  HoO. 


Zeit 

Titer 

Siiure 

0 

45,25 

— 

45' 

31,10 

14,15 

1''  30' 

23,9 

21,35 

2"  30' 

18,5 

26,75 

6^  30' 

11,65 

33.6 

12^  30' 

10,98 

34.27 

Die  Losung  war  gelb  geworden  und  zeigte  keine  HoO.j-Reaktion. 
Pie  Oxydation  war  daher  schon  vor  Ablauf  von  12  Stunden  beendet. 

VI. 

0,5  ccm  CH3CHO,  25,0  ccm  2  n-XaOH,  10,0  ccm  H^O  --  HoO. 

Zeit  Titer  Saure 

0  48,7                         — 

3^  10'  48,3  0,4 

5''  48,65  0,05 

16''  47,95  0,75 

24^^  10'  47,4  1,3 

42"  10'  46,65  2,05 

VII. 

Genau  wie  bei  VI,  nur  bei  Zimmertemperatur. 

Zeit  Titer  Same 

15  48,95                       — 

2*^  10'  46,2                       2,75 

3''  40'  43,9                       5,05 

7''  40'  39,7                       9,25 

21*^  40'  39,33                     9,62 

Vergleicben  wir  nun  die  ersten  drei  Versuche  miteinander, 
in  denen  nur  die  H.,Oo-Konzentrationen  geandert  warden,  so  ist 
ersichtlich,  daB  die  Vermehrung  der  H^,0^-Konzentration  von 
1   auf  5  ccm  keine   entsprechende  Reaktionsbeschleunigung   be- 
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dingt,  ja  1km  noch  stilrkcrc^r  Krli<»lning  dcr  If ^Oj-Konzonlration 
bia  auf  10  ccni  iiiidet  sop;ar  cino  dcutliclK;  Verlangsamung  statt. 
Die  Krklilrung  hicrfiir  licj^t  wahrscheinlich  in  der  Verininderung 
der  Hydroxylioncn-Konzcntration  durcli  Salzbildung  mit  Wasscr- 
stolfsuperoxyd.      Vcrgloiclien    wir    andcrerseits    II,    IV  und  V, 


woo  n  BJrp^ 
0£ 


Ot68/,99tifZI 


Fig.  2. 


in  denen  Alkali  und  Wasserstoffsuperoxyd  vollig  konstant  und 
Acetaldehyd  allein  verandert  ist,  so  sehen  wir,  daI3  die  An- 
fangsgeschwindigkeiten  durch  Vermehrung  des  Acetaldehyds 
sehr  stark  beeinfluBt  werden.  Verdoppelung  der  Aldehyd-Kon- 
zentration  (von  2  auf  4  ccm),  verdrei-  oder  vervierfacht  die 
Reaktionsgeschwindigkeit.  Weitere  Verdoppelung  (von  4  ccm 
auf  8  ccm)  hat  erneute  Verdoppelung  der  Geschwindigkeit  zur 
Folge.  Aber  im  Laufe  der  Reaktion  fallt  die  Geschwindigkeit 
merklich  ab,  was  wohl  in  erster  Linie  durch  die  Abnahme  der 
Hydroxy lionen,    in  zweiter  Linie   durch    die  Verminderung  der 


Alclehyd-Konzeiitratioii    /.u    erklaita   i.-»t.      \  er^leiLlicri   wir  eiid- 
lich  HI   unci  IV,   bei  denen  vviederurn   nur  eine  Veriiriderung  der 
Aldehyd-Ronzentration    vorgt-nomiiien    ist,    so    haben    wir    irii 
weseutliohen   vvieder  dasselbe    liild   vvie   bei    11,   IV^   und   V.     Die 
Verviert'acliung  der  Aldehyd-Kunzeiitration  (Va  ^lut'  2)  hat  eine 
Verdreifachung   der  Anfangsgescliwindigkeit    zur  Folge,    die  iin 
Laufe  der  Keaktion   sogar  bis  auf  das  5fache  steigt.     Endlich 
gibt  ein  Vergleich    von   V'l   und   V'll    einen    ungefahren  Begriff 
von   deni  Temperatur-Koeftizienten   der  Reaktion.     Wegen  der 
leichten  Kondensierbarkeit    des  Acetaldehyds    gegen    alkalische 
Losung  bei  hciheren  Temperaturen    konnte  ein  solcher  Versucli 
nur  bei  geringer  Aldehyd-Konzentration  unternommen  werden. 
Bei  der  Erhohung    der  Temperatur    von  0"  auf   15®   steigt  die 
Oeschwindigkeit  ungefahr    uni  das   lOfache,    also  uni  das  6^/3- 
fache  fiir  je   10 '^  Teniperatur-Erhoiiung.    Diese  auBerordentliche 
Erhohung    hat    vielleiclit    seinen    Grund    in    der    Verschiebung 
des    Gleichgewichts     Acetaldehyd  ,    ^^  Vinylalkohol     von     Unks 
nach    rechts    bei    Erhohung    der    Temperatur,     was    mit    der 
auBerordentlichen  Erhohung    der  Kondensationsgeschwindigkeit 
im    Einklang    steht,    die    ja    nach  Nef    vom    Vinylalkohol    be- 
dingt  wird.     Ware  dies  der  Fall,  so  miiBte  bei  erhohter  Tern- 
peratur    das    Verhaltnis    der    entstandenen    Ameisensaure    zur 
Essigsaure    zugunsten    der    erstcren    sich    verschieben.      Diesen 
Punkt  haben  wir  leider  nicht  mehr  priifen  konnen.    Interessant 
ist  schlieBlich  noch  ein  Vergleich  der  Endwerte  bei  denjenigen 
Versuchen,  bei  denen  das  H.^O^  vollig  verbraucht  wurde.    Dies 
sind  Versuch  I,  IV  und  V.    Auf  gleiche  Mengen  HgOg  bereclmct, 
waren    dabei  27,    38,13  und  34,27  ccm  Saure    entstanden.     Da 
CH3COOH   1  MolH^O,,  HCOOH  dagegen   IV.  Mol  zur  Bildung 
erfordern,    so    beweisen    diese  Zahlen,    daB    das  Verhaltnis   der 
beiden  Sauren    zueinander    je    nach    den   Versuchsbedingungen 
ein  verschiedenes  sein  kann. 

Oxydation  aiulerer  organischer  Substauzen. 

Es  war  unsere  Absicht,  dera  Studium  der  Oxydation  des 
Acetaldehyds  das  anderer  organischer  Substanzen,  insbesondere 
der  anderen  Aldehyde  sowie  der  Zucker  folgen  zu  lassen.  Wir 
sind  hierbei  iiber  einige  orientierende  Versuche  nicht  hinaus- 
gelangt.     Dieselben  beweisen  aber,  daB  ein  genaueres  Studium 
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del-  ( ).\\  (lat  ion  mil  alUaJischcin  WaKscr.stollsujx'roxyd  sc^hr  wcrt- 
\()llc  Aiifschliissc  iibcr  dcii  Mccrhani.snius  dei-  Oxydation  vielcr 
l)i(>l()Lrisc'li  wiclitigcr  Su))Htanzen  hrinj^cn  diirfte. ')  Irii  folgeiidcii 
sci  /.iiiiiichst  ciino  Talx'llc  dci-  \()ii  iins  oxydiei'tcn  Sub.stanzen 
zusamiiKMi  init  dcii  Ivcsultatcn  dci-  Piiifim^  aiif  Anioisensaure 
\vi(Ml(igogoben. 


XaiiK 


l^'( 


ArnoiHcriHaure 


MctliylalUoliol 
Athylalkohol  . 
n-l'ropylalkohol 
(dykol  .     .     . 
(riycorin 
Erytliril     .     . 
Manit    .     .     . 
Dulcit   .     .     . 
Fornialdeliyd 
Acetaldehyd  . 
Paraldehyd     . 
Propylaldehyd 
n-Butylaldehyd 
Isobutylaldehyd 

Valeraldehyd 
Aldol     .     .     . 
Benzaldehyd  . 

Aceton  .     .     . 
Essigsaure 
Propionsaure  . 
n-Buttersaure 

Isobuttersaure 

Oxalsaure  .     . 
Malonsaure     . 
(•lykolaldehyd 
Arabinose  . 
d-Glucose  .     . 


CH,()II 

CH3CH./)H 

CH,,CHXFf.()H 

CHoOH.CH._,()H 

CHgOH.CHOH.'cHgOH 

CHoOH .  CHOH .  CHOH .  CH^OH 

CH2()H(CH0H)tCH.()H 

CHo()H(CH0H)4CH.0H 

HCHO 

CH3CHO 

(CH3CHO)3 

CH3CH2CHO 

CH3CH2CH2CHO 

(CH3),CH.CH0 


CH3.(CH2)3.CHO 

CH3.CHOH.CH2.CHO 

C^HgCHO 

CH3  —  CO  —  CH3 

CH3COOH 

CH3CH0COOH 

CH3.CH2.CH2.COOH 


CH3\ 
CH,/ 


CH.COOH 


COOH.COOH 

CH2(C00H)2 

CH2OH.CHO 

CH20H(CHOH)3.CHO 

CH20H(CH0H)4.CH0 


gerin^e  Monge 
Spur 

>? 
groUc  Menge 

betrachtliche   Menge 

groCe  Menge 

»'  >» 

geringe  ]\Icnge 
groBe  Menge 

betrachtl.  Mengen, 
aber  wcniger  als  be 
n-Butylaldehyd 

sehr  groOe  Mengen 

>9  >»  »» 

nicht  vorhanden,  da- 
gegen  Benzoesaure 
kleine  Menge 
deutlicher   Xachweis 
kleine  Menge 
keine  Reaktion 


groCe  Menge 


^)  Inzwischen  ist  eine  Arbeit  von  Anderson  (Amer.  Cliem.  Journ. 
42,  410,  1909)  erschienen,  in  der  die  Oxydation  der  Arabinose  mit  H2O2 
in  alkalischer  Losung  studiert  worden  ist;  aiich  er  beobachtet  das  voHige 
Fehlen  der  Oxalsaure  unter  den  Oxydationsprodukten,  dagegen  das  Auf- 
treten  groBer  Mengen  Ameisensaure. 
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U.  VV.  Heiiujoil   uu(i   1'.  A.  l^vene: 
(Fortnetzung  der  Talielle  von  S.  55.) 


Nutiu 


Galaktose  . 
Fructose    . 
Rohrzucker    . 
Starke  .     .     . 
Glykolsiiure    . 

Glycerinsaure 
Gluconsiiure   . 
Milchsiiure 
VVeinsiiure 
Tartronsiiure  . 
Schleimsaure  . 

Apfelsaure 
Citronensaure 
Glyoxylsiiure 
Glyoxal 


l'\)liw\: 

lH.()H(('H()H)j.('ll() 
CU.UHCOlCllOlljaCHgOH 

CHaOH.COOH 

CH,OH.CHOH.COOH 

CHoOH.(CH()H)^C()()H 

CHa.CHOH.COOH 

COOH .  CHOH .  CHOH .  COOH 

COOH.CHOH.COOH 

C00H(CH0H)4.C00H 

COOH .  CHg .  CHOH .  COOH 

C(OH) .  C00H(CH2 .  COOH)  2 

CHO.COOH 

CHO.CHO 


AineiseiLsaure 

seiir  Starke  Prol>e 

»»  »»  »» 

Starke  Probe 
sehr  Starke  Probe 

starke    Probe,    keine 
Oxalsaure 

starke  Probe 


sehr  groBe  Menge 

zweifelhaft 

geringe,  aber  iinzwei- 
deutige  Probe 

negative  Probe 

geringe  Menge 

starke  Probe 

sehr  groBe  ^Nlenge 


Einige  bemerkenswerte  Einzelheiten  seien  hier  kurz  erwahnt. 
Die  Alkohole  und  die  Fettsauren  oxydieren  sich  in  nur  geringem 
Grade  zur  Ameisensaure.  Methyl alkohol  scheint  dabei  die 
Formaldehydstufe.  zu  iiberspringen,  was  sich  schon  aus  den 
Frankforter  und  Westschen  Beobachtungen  schUeBen  laBt, 
da  Methylalkohol-Formaldehydgemische  eine  dem  Formaldehyd 
entsprechende  Wasserst  off  menge  entwickeln,  obgleich  Methyl- 
alkohcl  zu  Ameisensaure  oxydiert  wird.  Wir  selbst  haben 
ebenfalls  bei  der  Oxydation  des  Methylalkohols  keine  Wasser- 
stoffentwicklung  gefunden. 

Die  Fettsauren  sind  von  Dak in^)  mit  H.^Oo  oxydiert  \vorden,  wobei 
er  unter  anderem  Aldehyde  und  Ameisensaure  nachweisen  konnte.  So  er- 
hielt  er  aus  Buttersaure  Acetessigsiiure,  Aceton,  Propionaldehyd,  Acet- 
aldehyd,  Essigsaure,  Ameisensaure  und  Kohlensaure.  In  dem  von  Da  kin 
aufgestellten  Schema  wird  Acetaldehyd  zu  Kssigsiiure  oxydiert,  die  dann 
zu  Ameisensaure  weiter  oxydiert  wird.  Ein  soldier  Vorgang  ist  keines- 
wegs  ausgeschlossen,  doch  diirfen  wir  aus  unseren  Versuchen  folgern,  daB 
die  Ameisensaure  aus  Acetaldehyd  zum  gioBten  Teil  ohne  Erreichung 
der  Essigsiiurestufe  entsteht. 

Die  aliphatischen  Aldehyde  bilden  samtlich  leiclit  Ameisen- 
saure, dagegen  wird  Benzaldehyd  zu  Benzoesaure  oxydiert"-),  was 

1)  Journ.  of  Biolocj.  Chem.,  4,  77,  1908. 

2)  Auch  von  Blank  und  Finkenbeiner  schon  beobachtet. 
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iin  lliiil)lic.k  auf  den  I'literschicd  dcr  dein  CilO  benachbarton 
K()ld(Mist()ll"gruj)po  ciidoii(ditond  orHchoinl.  Die  Oxydation  von 
Kiirprrn  init  zwoi  bena(;h})arton  AlUohol^nipjx'n  (Glykol,  Wein- 
siiuro  usw .)  crfolgt  nnvcrgleicldicli  vicl  Icichter  als  die  der 
einfachen  Alkohole.  Am  leiclitesten  aber  erfolgt  die  Oxydation 
d(T  Aldeliydalkohole   (Zucker,  Starke). 


Anliiiii^'. 

\  erhaltoii   von  Acetaldeli\  (1  ^e^en   Sauerstotf. 

Der  in  obigen  Versuchen  verwendete  Acetaldehyd  wurde 
in  der  von  Mc  Leod  beschriebenen  Weise  aus  Paraldehyd  mit 
verdiinnter  Schwefelsaure  destilliert. 

Um  Verluste  zu  vermeiden,  war  der  AusfluB  des  Liebigschen 
Kiihlers  luftdicht  mit  einer  Glasspirale  verbunden,  die  in  ein  mit  Eis 
und  Salz  gekiihltes  AuffanggefaB  fiihrte.  Die  Spirale  war  mittels  eines 
Korkes  im  Hals  einer  Flasche  befestigt,  deren  Boden  abgesprengt  war. 
Die  Flasche  wurde  mit  zerkleinertem  Eis  angefiillt.  Dieser  einfache 
Apparat  bewahrte  sich  ausgezeichnet.  Bei  der  2.  Destination  erwiesen 
sicli  die  ersten  ^/^q  des  iibergehendcn  Destillats  als  vollig  frei  von  Par- 
aldehyd.    Stets    aber  zeigte  das  Destillat  eine  schwach  sauere  Reaktion. 

Da  diese,  wie  wir  sehen  werden,  von  der  leichten  Oxydation  des 
Aldehyds  durch  den  Sauerstoff  der  Luft  bedingt  wird,  so  leiteten  wir 
bei  der  letzten  Destination  einen  Strom  von  CO2  oder  X2  durch  das 
DestillationsgefaB. 

Um  groBere  Mengen  des  reinen  Aldehyds  langere  Zeit  auf- 
bewahren  zu  konnen,  fiillten  wir  kleine  mit  eingeschliffenen 
Glasstopseln  und  dariiber  passender  Glashaube  versehene 
Flaschchen,  die  ungefahr  die  in  einem  Tage  benotigte  Menge 
Aldehyd  enthielten.  Aus  mehreren  groBeren  ahnlichen  Flaschen 
konnten  die  kleineren  Behalter  wieder  aufgefiillt  werden.  Auf 
diese  Weise  war  die  Beriihrung  des  Aldehyds  mit  der  Luft, 
wie  etwa  in  halbgcfiillten  Flaschen,  so  gut  wie  ganz  vermieden, 
und  der  Acetaldehyd  hielt  sich  ausgezeichnet.  Selbstverstand- 
lich  befanden  sich  alle  Flaschen  im  Eisschrank. 

Die  leichte  Oxydierbarkeit  des  Acetaldehyds  macht  sich 
beim  Aufbewahren  desselben  in  halbgefiillten  Flaschen  leicht 
dadurch  bemerkbar,    daB  in  der  Flasclie  ein  Unterdruck  durch 
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Aufiicihnu^  des  SaueistotltM  entstelit.*)  Da  in  der  Lit-ratur 
iiber  das  Verhalten  des  Acetaldeliyds  gt*gen  Sauerstott"  keine 
Andeutiingen  zu  tinden  waien,  so  liaheii  wir  eiiiige  V'ersuclie 
in  dieser  Richtung  iinternoiiunen. 

Zu  denselben  wuide  der  zuvor  bescliriebene  Oxydations- 
apparat  benutzt,  wobei  die  WasserHasche  und  der  Erleruneyer 
niit  Sauerstotl'  get'iillt  wurden.  Im  Erlenmeyer  befand  sicli  der 
zu  oxydierende  Acetaldehyd.  Der  Sauerstoft'  wurde  durch 
Heben  der  Nivellierbirne  unter  geringem  Cberdruck  gehalten. 
Durch  Anfiigen  einer  Mario tteschen  Flasche  konnte  der  Druek 
einigermaBen  konstant  gehalten  werden.  Der  ganze  Apparat 
^^urde  wahrend  des  Versuchs  im  Eisschrank   untergebracht. 

I.  10  g  CH3CHO. 

Xach  4tagigem  Stehen  waren  ca.  1200  com  Sauerstoft'  absorbiert. 
Durch  Titration  wurden  100,8  ccm  "/^-Saure  bestimmt.  Die  Losung 
enthielt  weder  Oxalsiiure  noch  Ameisensiiure,  dagegen  Essigsiiure. 

II.  10  g  CH3CHO. 

Im  Erlenmeyer  l)efand  sich  ein  platiniertes  Platinblech,  das  7,ur 
Halfte  in  den  Gasraum  reichte.  In  6  Tagen  waren  ca.  1000  ccm  O.) 
absorbiert.  Beim  Erneuern  des  Sauerstoft'vorrates  trat  Wasser  in  das 
ErlenmeyergefiiB.  Die  Sauerstoffabsorption  wurde  wesentlich  langsamer. 
Gefunden  wurden  138  ccm  "/^-Saure.     Reaktion  wie  bei  I. 

III.    10  ccm  Acetaldehyd,  10  ccm  HoO. 

Platiniertes  Platinblech  und  Platinschwamm  nach  Loew  Sauerstoft- 
aufnahme  auBerordentlicli  gering.  C^efimden  wurden  nach  5  Tagen 
2,4  ccm  "/i-Saure. 

IV.    15  g  CH3CHO,  2  g  MgO. 

Sauerstoft'absorption  auBerordentlich  gering.  Xach  2  Tagen  wurde 
das  Magnesiumoxyd  ausgelaugt  und  durch  einen  Goochschen  Trichter 
abgesaugt.  Aus  der  Losung  wurde  das  Mg"  als  MgCOg  entfernt.  Die 
Losung  zeigte  deutlich  Ameisensaure-Reaktion.  Oxalsiiure  konnte  weder 
in  der  Losung  noch  in  den  Niederschliigen  nachgewiesen  werden. 

V.    10  g  CH3CHO,  10  ccm  H.,0,  2  g  MgO. 
Absorption  und  Reaktion  wie  bei  IV. 

Interessant  hierbei  ist  erstens  die  Verminderung  der 
Oxydationsgeschwindigkeit  bei  Gegenwart  von  Wasser;  zweitens 


^)  Da  die  Aldehyddampfe  auBerdem  auf  Gummi  stark  ausdehnend 
wirken,  so  ist  beim  Offnen  diinnwandiger,  mit  Gummistopfen  verschlossener 
GefiiBe  Vorsicht  geboten. 


( )\y(l;ili<)n    voii    AldcliyWrii   in   alUalisrhci'    Losung.  59 

die  oiionnc  H('ral)S(»tznn;4  dorscllxMi  Ixi  (Jc^muajt  \on  Mat^nc- 
siumoxvd.  vor  allciii  alx-i"  (!!<•  iMilsh'huii;^  vnii  Aiiiciscnsauri* 
Ix'i  si»lch  <j;(Min!j:.'r  Alkalinitiit.  Es  stoht  a})ei'  iiii  Kinklaii^  iiiit 
<lcm  xorhor  ervviiliiilcn  Resullal,  dal.)  Ixii  dcr  Oxydatioii  des 
Acetaidchyds  iiiit  WiusserstoflHUpcroxyd  iiiid  Magnosiuiiioxyd 
als  Jiodcnkorpcr  ebcnfalls  AniciHcnsaure  gcbildct  wild.  DaB  die 
(lopcnwart  des  Was^ciH  die  Oxydations^cschwindigkcit  so  cnoini 
h(Mal)si't/t ,  doutet  auf  cino  Vcrand(!rung  dos  Acctaldcjliyds  in 
wiisserigcr  J^osung.  Vielloiclit  liegt  eino  Polymerisation  vor, 
wie  seliou  Coehn  und  I^ilitzcr^)  zur  Erkliirung  der  aiiomalen 
Werto  des  Roduktionspotentials  in  schwefelsaurer  Losung  an- 
genoniiiuMi   liaben. 


1)  Zeitsclir.  f.  EkdUrochem.   7,  (181,   1901. 


Sondcrabdrnclv  ans  d.  l>i()('lH'inisoli('n  Zcitsclirift  29.  Hd.,  S.  80. 
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Die    Ilcmimiiii;"    vci'scliicdnici'    diinwiikmi^rii     iiiit'    (l;is 
bolViiclitole  Seeigeici  diiicli   llcrnmiin^  dcr  ()\y<lati()neu 

ill  d(Miis('ll)(Mi. 

Von 
Jac(|iies  IiOo}>. 

(Alls  dcm  Rockefeller  Institut,  New  York.) 
{Eingegangen  am  21.  September  1010.) 

1.  In  friiheren  Arbeiten  habe  icli  gezeigt,  daB  e:;  gelingt, 
die  Giftwirkungen  gewisser  Agenzien  auf  das  befruchtete  See- 
igelei  dadurch  zu  hemmen,  daB  man  demselben  den  Sauerstoff 
entzieht,  oder  daB  man  die  Oxydationen  in  demselben  durch 
Cyankalium  unterdriickt.  Die  Agenzien,  fiir  die  dieser  Nach- 
weis  gefiihrt  worden  war,  waren  1.  hypertonische  Losungen^), 
2.  hyperalkalische  Losungen^),  3.  neutrale  Losungen  von  NaCl, 
LiCI,  KCl  u.  a.^). 

Die  Hemmung  der  Qiftwirkung  hypertonisclier  und  h3rper- 
alkaliscber  Losungen  durch  Sauerstoffmangel  war  eine  fast  voll- 
standige,  im  Falle  der  unter  3.  erwahnten  Losungen  war  sie 
geringer.  Unabhangig  von  mir  hat  Warburg*)  gezeigt,  daB 
man  die  Giftwirkung  einer  neutralen  Chlornatriumlosung  auf 
das  befruchtete  Seeigelei  durch  eine  Spur  Cyannatrium  hemmen 
kann. 

Ich  habe  mich  nun  diesen  Sommer  iiberzeugt,  daB  fast 
alle  Agenzien,  die  das  Ei  nicht  momentan  zerstoren  (wie  etwa 
die  Salze  der  Schwermetalle  in  hoher  Konzentration,  der  abso- 
lute Alkohol  und  iihnliche)  in  ihrer  Wirkung  auf  das  befruchtete 


1)  Pfliigers  Archiv  113,  487,  1906. 

2)  Diese  Zeitschr.  2,  81,  190G;  2(5,  279  u.  289. 

^)  Diese  Zeitschr.  27,  304,  1910  ;  ferner:  Die  chemische  Entwicklungs- 
erregimg  des  tierischen  Eies.     Berlin  1908.     Verlag  von  Julius  Springer. 
*)  Warburg,  Zeitschr.  f.  physiol.  Chem.  66,  317,  1910. 
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Ijrrhf  mil, 
Seeigelei  hiJiHiiiiond  -wirk^n ,  vvenn  man  die  Oxydationeii  iin  Ei 
durch  Sauerstothiiangel  oder  Zusatz  von  Cyankaliuin  oder  -natrium 
veningert  oder  unterdriickt.  Die  Agenzien,  t'iir  die  dieser  Nach- 
vveis  im  folgenden  get'iihit  vverden  soil,  sind :  1.  giftige  Salz- 
losungen,  2.  Losungen  von  Saccharose,  3.  hypotonische  Losurtgen, 
4.  Losimgen  von  Alkohol,  Chloialhydrat ,  Phenylurethan  und 
Chloroform.  Die  Zahl  der  Versuche  ist  so  groB,  daB  ich  mich 
mit  einer  Auswahl  unter  denselben  begniigen  muB. 

Zur    Methode    der    Versuche    sei    folgendes    bemerkt.     Als 
Versuchsobjekt  diente  das  frisch  befruchteteEi  des  Seeigels 
Arbacia.     Versuche   ergaben,    daB    die   optimale  Konzentration 
der  Losung,  in  der  diese  Eier  sich  entwickeln,  ^74o  m-NaCl  ist. 
Der  Kiirze  halber    sei    diese  Losung   im   folgenden   als  ^[.^  an- 
gefiihrt.    Diese  Konzentration  ist  beilaufig  dieselbe  wie  fur  die 
Entwicklung  der  Seeigeleier  in  Californien,  trotz  des  angeblich 
verschiedenen  Salzgehaltes  des  Atlantischen  und  Stillen  Ozeans. 
Setzt  man  zu  50  ccm  "^/g-NaCl  die  folgenden  Salze  zu:   1,1  ccm 
"^/,-KCl,  0,75  ccm  "^/.-CaCl.,,  3,9  ccm  MgCU,  0,19  ccm  MgSO^,  so 
hat  man  kiinstliches  Seewasser.    Es  sei  aber  bemerkt,  daB  bei 
einer    Losung    von  NaCl -]- KCl -[- CaCl^    (in    den    angegebenen 
Konzentrationen  und  Verhaltnissen)  die  friscli  befruchteten  Eier 
von  Arbacia    sich   zu   schvvimmenden   Blastulen    und  Gastrulen 
entwickeln,  und  zvvar  in  neutraler  Losung.    Unter  neutral  ver- 
stehe  ich  cine  Losung,    die   mit  1  Tropfen  "Vioo"^®^*^^!^"^^  ^^ 
50  ccm  der  Losung  rot  isf ,    die    aber   durch  Zusatz  von  1   bis 
2  Tropfen  "Vioo"^^^^  8^^^  ^^'^^'^'    -^^  ^^^  ferner  bemerkt,  daB, 
wenn  im  folgenden  von  einer  Losung  von  NaCl,  oder  NaCl  +  KCl 
die  Rede  ist,  "^/^-Losungen  dieser  Salze  in  dem  Verhaltnis  ver- 
standen  werden,  indem  diesclben  im  kiinstlichen  Seewasser  vor- 
kommen. 

Sauerstoffarme  oder  sauerstofffreie  Losungen  wurden  da- 
durch  hergestellt,  daB  sorgtaltig  gewaschener  und  gereinigter 
Wasserstoff  (aus  chemisch  reiner  Schwefelsiiure  und  arsenikfreiem 
Zink  hergestellt)  mehrere  Stunden  durch  25  ccm  der  Losungen 
(in  kleinen  GefaBen)  getrieben  wurden,  ehe  die  Eier  zugefiigt 
wurden,  und  daB  ein  (nicht  zu  hef tiger)  Strom  von  Wasserstoff 
wahrend  der  ganzen  Versuchsdauer  durch  die  Losung  ging.  Die 
Flaschen  waren  so  konstruiert,  daB  die  Eier  fast  ohne  Ein- 
dringen  der  Luft  eingefiihrt  werden  konnten. 
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Wurdc  mil  Cyaimatrium  gearbeitct,  so  wurdon  5  oder 
()  'I'lopftMi  ciiuT  Vio'Vo'^^''^  Ldsung  von  NaCN  oder  KC\  /u 
50  ccin   dvv  hnsiuVfi,  ziigt'.fii<i;t. 

I'llic  dio  l']i('r  ill  dio  Jjosun^cn  ;^('l)ra(;h(  wuidcii,  wurdcn 
sic  vorhcr  durcli  zwciiiialigcs  Wasclicii  in  den  Lrmungon  von 
Scewassor  befreit.  (iewolinlicli  wuidon  droi  parallele 
Versiu'hsreilien  niit  den  Eiern  dcisclbcn  Woibchcn 
gleichzcitig  angestcllt,  namli(;h  1.  niit  drv  betrcffcnden 
Losung  in  Beriilirung  mit  Luft,  2.  50  ccm  in  der.selbcn  J^osung 
-J- 5  Tropfen  ^/jQ°/oiger  NaCN,  3.  dieselbe  Losung,  aber  von 
Saucrstoff  befreit. 

Die  Eier,  die  fiir  die  Losung  2  und  3  be.stimmt  waren,  wurden 
in  Losungen  gewaschen,  dcnen  cine  Spur  NaCN  zugesetzt  war, 
um  die  Giftwirkung  wahrcnd  der  Periode  des  Wascliens  zu 
liemmen.  Das  ist  notig,  weil  es  lange  dauert,  bis  die  Eier 
sich  zu  Boden  setzen,  und  ich  die  Anwendung  der  Zentrifuge 
fiir  diese  Versuche  nicht  riskieren  woUte,  um  nicht  eine  neue 
Quelle  der  Scliadigung  der  Eier  einzufiihren. 

Um  einen  MaBstab  fiir  die  Giftwirkung  zu  besitzen,  wurden 
Proben  der  Eier  aus  den  Losungen  nach  verschiedenen  Inter- 
vallen  genommen,  in  normales  Seewasser  iibertragen  und  der 
Prozentsatz  der  Eier,  die  sich  zu  schwimmenden  Larven  ent- 
wickelten,  bestimmt.  Um  das  mit  den  Eiern  tun  zu  konnen, 
die  dem  Wasserstoffstrome  ausgesetzt  waren,  wurden  gewohnlich 
vier  Flaschen  mit  Eiern  mit  dem  Wasserstoffentwicklungsapparat 
verbunden.  Jede  dieser  Flaschen  konnte  weggenommen  werden, 
ohne  Luft  in  die  iibrigen  Flaschen  einzulassen. 

Es  sei  besonders  darauf  hingewiesen,  daB,  wahrend  die 
Eier  in  der  Losung  sind,  der  Wasserstoffstrom  nicht  zu  kraftig 
sein  darf,  da  sonst  die  Eier  mechanisch  geschadigt  werden. 

Die  Temperatur  variierte  in  diesen  Versuchen  meist  zwischen 
20  und  24°  C. 

2.  Hemmung  der  Giftwirkung  der  Salze  durcli 
Hemmung  der  Oxydationen  im  Ei.  Die  im  folgenden 
zur  Verwendung  kommenden  Salzlosungen  waren  alle  neutral 
im  friiher  erwahnten  Sinne. 

Frisch  befruchtete  Eier,  die  in  eine  reine  ™/2"-'^^^^^^^^  ^'^^^ 
NaCI  gebracht  wurden,  waren  nicht  mehr  imstande,  sich  zu 
entwickeln,  wenn  sie  nach  5  Stunden  und  20  Minuten  in  See- 
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vvasaer  iibertragen  wuideu.  Die  ebenso  laiige  in  derselben 
Losung,  aber  ohne  Sauerstoff  gewesenen  Kier  entwickelten 
sich  praktisch  alle  zu  schwiminenden  Larv(;n,  als  sie  in  See- 
vvasser  iibertragen  wuiden;  and  viele  dieser  Larven  erreichten 
das  Huteusstadium.  Eine  l*aitie  Eier,  die  16  Stunden  in  der 
sauerstofffreien  Losung  von  NaCl  gevvesen  war,  bildete  noch 
10°/^  schwimmende  Larven.    Cyannatrium  wirkte  ebenso  gunstig. 

Dieser  Versueh  ist  nur  eine  Bestiitigung  ahnlicher  friiherer 
Beobachtungen  von  Warburg  und  mir.  Li  meiner  friiheren 
Abhandlung  erwahnte  ich,  daB  die  Giftigkeit  einer  reinen  CaClg- 
Losung  durch  Zusatz  von  KCN  niclit  vermindert  werde.^)  Icli 
stellte  deshalb  weitere  Versuche  mit  Sauerstoffmangel  an  und 
fand,  daB  die  Giftwirkung  einer  ^/^  m-  (mit  Seewasser  isotonischen) 
Losung  von  Calciumchlorid  durch  Sauerstoffmangel  erheblich 
verringert  wird.  Die  Eier,  die  nach  2^2  Stunden  aus  der 
sauerstoff haltigen  Losung  in  Seewasser  iibertragen  wurden, 
gingen  praktisch  alle  zugrunde,  ohne  das  Larvenstadium  zu 
erreichen.  Die  Eier  aber,  die  nach  dieser  Zeit  aus  der  sauer- 
stofffreien Calciumchloridlosung  in  Seewasser  iibertragen  wurden, 
entwickelten  sich  praktisch  alle  zu  Blastulen  und  Gastrulen 
und  ein  Teil  erreichte  das  Pluteusstadium. 

Dagegen  hatte  der  Zusatz  von  Cyankalium  oder  Cyan- 
natrium  keine  derartige  Wirkung.  Uber  den  Grund  dieses 
abweichenden  Verhaltens  habe  ich  nur  Vermutungen.  Der 
hemmende  EinfluB  von  Sauerstoffmangel  auf  die  Giftwirkung 
reiner  Losungen  von  KCl  und  von  MgCla  wurde  ebenfalls 
nachgewiesen. 

Wir  wollen  nun  einige  Beispiele  fiir  die  Mischung  von 
zwei  Salzen  erwahnen,  zuniichst  NaCl -l-CaCl.^. 

Frisch  befruchtete  Eier  von  Arbacia  waren  nicht  mehr 
imstande,  sich  zu  entwickeln,  wenn  sie  nach  4  Stunden  aus 
50  ccm  "^/o-NaCl -J- 0,75  ccm  ^/g-CaCU  in  Seewasser  zuriick- 
gebracht  wurden.  Die  Eier  dagegen,  die  ebenso  lange  in  der- 
selben Mischung  gewesen  waren,  aber  ohne  Sauerstoff,  ent- 
wickelten sich  nach  der  Ubertragung  in  Seewasser  alle  zu 
Larven  und  ein  Teil  erreichte  das  Pluteusstadium.  Die  in  der 
sauerstofffreien  Losung  gehaltenen  Eier  entwickelten  sich  selbst 


1)  Diese  Zeitschr.  27,  309,  1910. 
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nach  7  Sdmdcii  lani^.ni  Aufentliall  dcr  M(dir/.al)l  nach  {10° j^) 
■/M    l.ai'vcii,    wcim   sic   in   Soewasscr  iihcrtragoii   wurdcn. 

Dor  Ziisal/  von  5  Tropfon  Vio'Vo'K^^  NaCN  zu  50  cc rii 
(1(M'   I.iisunt:^  wirkt  ilhnlich   wio  SaiicrstofTniangcl. 

I'm  die  IjiKSUiif;  «;if(i<j;('r  zu  inachcn,  winder  ('a(Jl.,  iin  ('bcr- 
sc'hiiB  zu  dor  Clilornatriumlusung  zugefiigt.  Die  Miscliung  war 
50  com  ra/o-NaCl  |-  2,5  ccm  '"/g-CaCl.^.  In  dor  saucrstofThaltigou 
Losuug  warou  die  Eior  bereits  nacli  3  Stundon  und  10  Minuton 
so  \\oit  gosohiidigt,  daB  sie  nacli  (\vv  Obertragung  in  Secvvasser 
sicli  uiclit  mclir  zu  (Milwickeln  vermoclitcn.  I)io  obcnso  langc; 
in  dor  sauerstoff f reicn  Losung  gehaltenen  Eicr  cntwickclton 
sioli  alio  zu  Larvon  und  dor  Mchrzahl  naoh  zu  IMutoon.  Dio 
nach  2  Stunden  aus  der  sauorstofffrcien  Losung  in  Seowasser 
ubcrtragcnon  Eicr  cntwickcltcn  sicli  noch  zuni  groBcn  Teil, 
und  dio  nach  7  Stunden  und  20  Minuton  iibortragenon  Eicr 
entwickelten  sich  noch  zum  kleinen  Toil  zu  schwimmonden  Larven. 

Dor  Zusatz  von  6  Tropfen  NaCN  (Vio"/oig)  ^^  50  ccm 
dor  Losung  wirkte  noch  viol  giinstiger  wie  Sauerstoffmangel. 
Die  nach  10  Stunden  aus  der  Losung  in  Seewasser  iibertragenen 
Eicr  entwickelten  sich  praktisch  alle  noch  zu  schwimmenden, 
wenn  audi  nicht  mehr  so  vollkommenen  Larven. 

Fiir  Mischungen  von  NaCl  -|-  KCl  und  von  NaCl  +  MgCU 
wurde  ebenfalls  der  Nachweis  gefiihrt,  daB  Sauerstoffentziehung 
resp.  Zusatz  von  5  Tropfen  ^i 0^/0^8^^  NaCN  zu  50  ccm  der 
Losung  die  Giftigkeit  der  letzteren  aufhebt  oder  vermindert. 
So  sei  als  Beispiel  erwahnt,  daB  Eier  in  der  Losung  von 
NaCl -f- KCl  nach  II  Stunden  so  weit  gelitten  hatten,  daB  sie 
sich  nicht  mehr  entwickelten.  Die  Eier  derselben  Weibchen 
in  derselben  Losung  mit  5  Tropfen  NaCN  waren  um  diese  Zeit 
alle  intakt  und  entwickelten  sich  zu  normalen  Larven,  nach- 
dem  sie  in  normales  Seewasser  iibertragen  waren.  Das  gleiche 
gilt  fiir  die   in   der   sauerstoff freien  Losung  gehaltenen  Larven. 

Was  die  Mischung  von  50  ccm  "^/g-NaCl  -|-  6  ccm  ^/g  m- 
MgClo  anbetrifft,  so  waren  die  Eier  von  Arbacia  nach  6  Stunden 
so  woit  geschadigt,  daB  sie  praktisch  nicht  mehr  imstande 
waron,  sich  zu  Larven  zu  entwickeln.  Um  diese  Zeit  aber 
waren  die  in  der  sauerstofffreien  Losung  gewesenen  Eier  noch 
alle  intakt;  und  daeselbe  war  der  Fall  fiir  die  Eier,  die  in 
der    Losung    gev^esen    waren,    die    eine    Spur    NaCN    enthielt. 
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Selbst  die  nach  8  Stunden  aus  dieseii  letzteren  zvvei  Losungea 
genommenen  Eier  entwickelten  sich  noch  zu  nonnalen  Larven. 
Von  groBerem  Interesse  war  es  nun,  festzustellen,  ob  auch 
die  Giftvvirkung  von  Salzen,  die  nicht  im  Seevvasaer  enthalten 
sind,  durch  Sauerstott'niangel  gehemmt  werden  kann.  Das  ist 
der  Fall.  Als  Beispiel  diene  zunachst  die  Mischung  50  ccra 
"^/g-NaCl  ^  1  ccm  "^/.^-BaCl^.  Es  mu6  bemerkt  werden ,  daC 
die  Versuche  mit  dieser  Losung  etvvas  iimstandlich  sind,  weil 
es  notig  ist,  die  Eier  vor  dem  Einbringen  in  die  Losung  und 
nach  der  Herausnahme  aus  der  Losung  in  einer  Mischung  von 
NaCl  |-  KCl  {-  CaCU  zu  waschen  (um  die  Bildung  des  Nieder- 
schlages  von  BaSO^  an  der  Oberflache  der  Eier  zu  verhindern). 
Die  Eier,  die  in  der  sauerstoffhaltigen  Losung  waren,  waren 
nach  5^/2  Stunden  so  weit  geschadigt,  daB  sie  nach  der  t)ber- 
tragung  in  Seevvasser  sich  nicht  mehr  zu  entwickeln  vermochten. 
Die  Eier  dagegen,  die  S^.,  Stunden  in  der  sauerstofffreien 
Losung  gewesen  waren,  waren  alle  am  Leben,  entwickelten 
sich  alle  nach  der  Ubertragung  in  Seewasser  (unter  normaler 
Furchung)  zu  Larven  und  ein  Teil  zu  Pluteen.  Selbst  die 
nach  S^o  Stunden  aus  der  sauerstofffreien  Losung  genommenen 
Eier  entwickelten  sich  noch  alle  zu  schwimmenden  Larven.  DerZu- 

satz  von  5  Tropfen  einer  7io  "/o^g^^^^^-^'-'^^^^^^^^^^^^^^^^^^^^- 
Ahnliche  Resultate  wurden  mit  der  Mischung  von  50  ccm 
'"/2-NaCl  +  1  ccm  °^/.,-SrCl,  erzielt. 

Eine  geringe  Wirkung  laBt  sich  sogar  bei  sehr  schwachen 
HgCl.,  -  Losungen  nachweisen.  Zu  50  ccm  Seewasser  wurden 
2  ccm  ^/ggQQ-Subliniat  zugesetzt.  Nach  10  Stunden  40  Minuten 
waren  alle  Eier  bis  auf  wenige  tot  und  nicht  liinger  fahig,  sich 
nach  der  X)b?rtragung  in  Seewasser  zu  entwickeln.  Von  den- 
selben  Eiern  aber,  die  in  derselben  Losung,  aber  ohne  Sauer- 
stoff  ebenso  lange  gewesen  waren,  entwickelten  sich  noch  etwa 
10^ I Q.  Wegen  der  komplexen  Verbindungen,  die  Hg  mit  KCN 
bildet,  lieB  sich  der  Cyankaliumversuch  nicht  ausfiihren. 

Diese  Versuche  mogen  geniigen,  um  darzutun,  daB  die 
Giftwirkung  beliebiger  neutraler  Salzlosungcn  durch  Sauerstofi- 
mangel  oder  L'nterdriickung  der  Oxydationen  im  Ei  mittels 
Cyannatrium  verringert  resp.  aufgehoben  werden  kann.  Die 
hier  mitgeteilten  Versuche  sind,  mit  Ausnahme  des  Versuches 
mit   Quecksilberchlorid,  auBerordentlich  schlagende  Demonstra- 
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tioiusv(M"su('li<' ,  sohald  man  erst  (  iiiinal  don  Zcitpunkt  kennt, 
bei  (Umu  (iic  IxMrefTciuh^  Salzl(3.siin«^  in  (Jog(uiwart  von  SauerstofT 
alio  Eior  zerstiirt.  l)it\sor  Zoi(i)unkt  variiert  natiirlicli  niit  dcr- 
Natur  (lor   Losiuil;  und  dor  Tcuiiporatiir. 

.'{.  Die  II  (MU  iinin<^'  dvr  ({ if  twirkniig  oincr  isoloiiiKchon 
Tiau  l)oii/U(.;korlosiiiig  dui'c-ii  Sauerstof  f  rnangol.  Es  war 
fill-  dio  Thoorio  dioscr  Ersoheinungen  notig,  festziistellcn,  oh 
dif  llcMninuiig  dor  (liftwirkung  diirch  Unterdriickung  der  Oxy- 
dationoii  iin  K\  nur  fiir  die  Salze  oder  auch  fiir  Niclitleitor  gilt. 
Als  Repriisentant  der  letzteren  vvurde  eine  Traubenzuckorlosung 
gowiihlt. 

In  Vorversuchen  wurde  zunachst  die  optiraale  Konzcntration 
der  Glucose  festgestellt.  Da  die  Eior  von  Arbacia  sich  in  reinen 
Glucosolosungen  nicht  furchon,  so  wurde  durch  Miscliung  von 
Glucoselosungon  vorschiedenor  Konzenlrationen  niit  etwas  8ee- 
wasser  ermittelt,  dal3  eine  '''/g  m-T'lucoselosung  die  optimale 
Konzentration  ist.  Eine  groBere  Zalil  von  Versuchen  wurde 
dann  mit  Zuckerlosungen  angestellt,  die  alle  das  Resultat  er- 
gaben,  daB  die  Giftigkeit  einer  Glucoselosung  durch  Unter- 
driickung der  Oxydationen  im  Ei  gehemmt  wird.  Es  sei  be- 
merkt,  daB  die  Eier  nach  der  Herausnahme  aus  der  Zucker- 
losung  die  Tendenz  haben,  am  Glase  zu  kleben.  Man  vermeidet 
die  hierdurch  bedingte  Fehlerquelle  durch  mehrmahges  Waschen 
der  Eier  in  Seewasser,  ehe  man  sie  definitive  in  das  Beobachtungs- 
gefaB  iibertragt.  Da  die  Versuche  alle  gleich  ausfielen,  so  moge 
die  Anfiihrung  eines  Beispiels  geniigcn. 

Frisch  befruchtete  Eier  wurden  nach  wiederholtem  Waschen 
in  49  ccm  ^/g  m-Traubenzucker  -\-  1  ccm  Seewasser  iibertragen. 
In  der  sauerstofThaltigen  Losung  waren  die  Eier  nach  3  Stunden 
so  schwer  geschadigt,  daB  praktisch  kein  Ei  nach  der  t)ber- 
tragung  in  Seewasser  sich  zu  entwickoln  imstande  war.  Die 
Eier  dagegen,  die  in  der  sauerstofffreicn  Losung  3  Stunden 
gewesen  waren,  entwickelten  sich  alle  nacli  der  Ubertragung 
in  Seewasser,  und  viele  erreichten  das  Pluteusstadium.  Das- 
selbe  gait  fiir  die  Eier,  die  3  Stunden  in  der  Glucoselosung 
gewesen  waren,  der  5  Tropfen  NaCN  zugesetzt  war.  Selbst 
die  nacli  4^/2  Stunden  aus  der  sauerstofTfroien  Glucoselosung 
genommenen  Eier  entwickelten  sich  noch  zur  Halfte  zu  schwim- 
menden  Larven. 
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4.    Die    Hemmung    der    Giftvvirkung    inalJig    liypo- 
tonischer  Losungen  (lurch  Heininung  der  Oxydationen. 
Die  bisher  erwahnten  Stoffe  —  Salze  uiid  Traubenzucker  — 
solleii  nach  Overton  gar  nicht,  nacli  ineiner  Ansicht  nur  sehr 
langsam   in   die  Zelle  diffundieren.     Die  bisher  erwahnten  Ver- 
suehe  Uber  die  Hemmung  der  Giftvvirkung  legten  den  Cedanken 
nahe,    daB  diese  Hemmung  vielleicht    nur  auf  einer  Hemmung 
der   Diffusion   oder   Absorption   dieser   Stotfe    in    das  Ei   durch 
Unterdruckung  der  Oxydationen  beruhe.    Es  ware  ja  denkbar, 
daB  die  Oxydationen  in  der  Zelle  diesen  Stoffen  erst  die  Mog- 
hchkeit  hefern,  durch  die  sie  in  die  Zelle  diffundieren  konnen. 
Dann    waren    die    bisher    mitgeteilten   Versuche    ohne    weiteres 
verstiindlich.     Um    nun  hieriiber  ins  klare   zu  kommen,   stellte 
ich  Versuche    mit   Stoffen    an,    deren   Diffusion   ins  Ei   keinem 
Zweifel    begegnen    kann,    namlich  Wasser    und    Alkohol.     See- 
wasser  wurde  mit  destilliertem  Wasser  oder  Alkohol  verdiinnt. 
Das  rasche  Schwellen  des  Eies  in  solchem  Seewasser  lieB  keinen 
Zweifel    dariiber,    daB    die   beiden  Stoff'e   in   das  Ei  diffundiert 
waren;    nichtsdestoweniger    erzielte    ich   dasselbe   Resultat    wie 
mit    den    Salzen:    Sauerstoff mangel    verminderte    die   Giftigkeit 
der    Losung.     Allerdings    war    es    notig,    die    Verdiinnung    des 
Seewassers    nicht    zu    weit    zu    treiben,    und    zwar    aus    nahe- 
hegenden  Griinden. 

In  friiheren  Arbeiten  habe  ich  gezeigt,  daB  eine  maBig 
hypertonische  Losung  nur  in  Gegenwart  von  Sauerstoff  giftig 
v\irkt;  daB  aber  bei  zu  hohen  Konzentrationen  der  Losung 
sofortige  Cytolyse  des  Eies  stattfindet,  die  natiirlich  nicht  durch 
KCN  oder  Sauerstoftentziehung  gehemmt  wird. 

Das  gleiche  gilt  fiir  hypotonische  Losungen.  In  destil- 
hertem  Wasser  tritt  sehr  rasch  Cytolyse  der  Eier  ein,  und 
diese  Cytolyse  kann  natiirlich  nicht  durch  Sauerstoffmangel 
unterdriickt  werden.  Arbeitet  man  aber  mit  Seewasser,  das 
genug  verdiinnt  ist,  um  die  chemischen  Vorgiinge  im  Ei  zu 
storen,  aber  nicht  genug,  um  sofortige  Cytolyse  aller  oder  der 
meisten  Eier  herbeizufiihren,  so  gelingt  der  Nachweis,  daB  die 
Giftigkeit  hypotonischer  Losungen  durch  Sauerstoffmangel  ge- 
hemmt wird. 

Frisch  befruchtete  Eier  von  Arbacia  wurden  in  eine  Mischung 
von   25  com  Seewasser  -f-  25  ccm   destilliertes  Wasser   gebracht. 
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Die  Kicr,  dm  in  der  sauerstofTli  alii  gen  Ldsung  warcn,  liatteii 
nach  V/r,  Stundcn  bcreits  so  stark  gelittcn,  daB  nur  ein  khiiner 
Proz(Mitsatz  dcrselbcn  imstandc  war,  sicli  nach  dor  Obertragung 
in  nornialcs  Soewasser  zii  schwinimcndcn  Larven  zu  entwickcJn. 
Nacli  7  Stunden  waren  die  Eier  prakticli  alio  tot.  Diesel  ben 
Eier  in  derselben  Losung,  der  5  Tropfen  Vio"/o'ff<^r  NaCN  zu- 
gesetzt  waren,  waren  nach  3^^,  Stunden  alio  am  Leben  und 
entwickelten  sich  nach  der  t)bertragung  in  normales  vSeewasser 
allc  zu  schwimmenden  Larven  (Pluteen!).  Nacli  7  Stunden 
entwickelten  sich  noch  60 "/^  der  Eier  zu  Larven,  und  selbst 
die  nach  21  Stunden  aus  dieser  Losung  iibortragenen  Eier 
liefcrten  noch  zahlreiche  schwimmende  Blastulen! 

Eine  dritte  Portion  der  Eier  \\ar  in  einc  sauerstofTfreie 
Losung  von  25  ccm  dcstilliertem  und  25  ccm  Seewasser  gebracht 
worden.  Die  Resultate  waren  hier  iihnlich,  aber  nicht  ganz  so 
gut  wie  in  der  Losung  mit  Cyannatrium. 

Bei  der  prinzipiellen  Wichtigkeit  dieses  Resultates  sei  ein 
zweiter  Versuch  angefiihrt.  Frisch  befruchtete  Arbaciaeier 
wurden  in  folgende  zwei  Losungen  verteilt: 

L    27,5  ccm  Seewasser  -|-  22,5  ccm  destilliertes  Wasser; 
2.    27,5    ,,  ,,  -j-  22,5    ,,  ,,  ,, 

+  5  Tropfen  Vio7oiger  NaCN. 

Die  in  Losung  1  befindlichen  Eier  hatten  nach  5  Stunden 
und  40  Minuten  so  gelitten,  daB  kein  Ei  sich  mehr  zur  Larve 
entwickelte.  Die  um  dieselbe  Zeit  aus  dem  cyannatriumhaltigen 
hypotonischen  Seewasser  in  normales  Seewasser  iibertragenen 
Eier  entwickelten  sich  alle  zu  schwimmenden  Larven.  Die 
nach  8^/2  Stunden  aus  der  cyannatriumhaltigen  Losung  in 
normales  Seewasser  iibertragenen  Eier  entwickelten  sich  eben- 
falls  noch  alle  zu  Larven,  und  dasselbe  war  der  Fall  mit  einem 
Teil  der  nach  21  Stunden  aus  dieser  Losung  in  normales  See- 
wasser iibertragenen  Eier. 

Verringert  man  also  die  Oxydationen  im  Ei  unter  das 
MaB,  das  zur  Entwicklung  desselben  notig  ist,  so  leben  die 
befruchteten  Eier  in  hypotonischem  Seewasser  (dessen  Kon- 
zentration  etwa  auf  die  Halfte  der  Norm  reduziert  ist)  etwa 
siebenmal  so  lange,  als  wenn  die  Oxydationen  nicht  ge- 
hemmt  sind. 
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Ahnlich  fallen  die  Resultate  aus,  wenn  man  das  Seewasser 
niit  einer  Alkohollosung  anstatt  mit  destilliertem  Wasser  ver- 
diinnt.  Frisch  befruchtete  Arbaciaeier  wurden  in  folgende 
Losungen  verteilt : 

1.  27^2  ccm  Seewasser  -}-  22  7-2  ^'C»«i  ®/^  ni-Alkohol; 

2.  27'/^  „  „  +22'/'.  ,.  „  ..  +5Tropfen 
V.oV.igerNaCN. 

Nach  5  Stunden  und  20  Mitiuten  vvurde  je  eine  Portion 
der  Eier  aus  diesen  Losungen  in  noimales  Seewasser  iiber- 
tragen.  Der  groBte  Teil  der  aus  Losung  1  iibertragenen  Eier 
war  tot,  wahrend  die  aus  Losung  2  iibertragenen  Eier  sich 
der  Mehrzahl  nach  zu  Pluteen  entwickelten.  Die  nach  18  Std. 
aus  Losung  2  in  Seewasser  iibertragenen  Eier  lieferten  noch 
10 ^/q  scliwimmende  Larven  und  waren  also  in  besserem  Zu- 
stande  als  die  nach  5  Stunden  aus  Losung  1  in  Seewasser 
iibertragenen  Eier. 

5.  Die  Hemmung  der  giftigen  Wirkung  der  Nar- 
kotica  auf  das  befruchtete  Seeigclei  mittels  Unter- 
driickung  der  Oxydationen. 

Nach  den  vorausgehenden  Versuchen  entstand  die  Frage, 
ob  nicht  Sauerstoffmangel  imstande  sei,  das  befruchtete  See- 
igelei  gegen  die  Wirkung  aller  Gifte  zu  schiitzen  —  aus- 
genommen  diejenigen,  die  das  Ei  zu  rasch  toten.  Bei  der 
endlosen  Zahl  der  in  diesem  Zusammenhang  zu  untersuchenden 
Stoffe  wahlte  ich  zuniichst  die  Narkotica,  um  damit  die  Ent- 
scheidung  einer  Frage  zu  gewinnen,  die  fiir  die  Interpretation 
unserer  Versuche  wichtig  ist. 

In  den  meisten  der  bisher  angewandten  Losungen  traten 
Kern-  und  Zellteilungen  ini  Ei  auf,  wenn  es  in  der  sauerstoff- 
haltigen  Losung  war;  wahrend  in  der  sauerstofffreien  Losung 
oder  in  der  cyannatriumhaltigen  Losung  Kern-  und  Zellteilung 
unterblieben.  Das  wies  auf  die  Moglichkeit  hin,  daB  die  Gift- 
wirkung  in  diesen  Fallen  in  Wirklichkeit  eine  cytologische  oder 
morphologische  sein  konnte,  indem  die  erwahnten  Agenzien  den 
morphologischen  Mechanismus  im  Ei  schiidigen.  Wenn  aber 
die  Oxydationen  im  Ei  unterdriickt  werden ,  so  kommt  es 
weder  zu  Kern-  noch  zu  Zellteilungen,  und  daher  entsteht  die 
Schutzwirkung  der  Oxydationshemmung. 
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Uni  nun  /u  ontschcidcn,  wie  viel  Wahres  an  dicser  Mog- 
lichkoit  ist,  wiihlte  i(;h  Vcnsuchc  niit  narkotisch  wirkonden 
Ciifton,  die  d'w  Kern-  und  Zelltcilun;^  iin  hcfruclitoton  Ei  obonso 
sicluT  untordriickcn,  wie  das  durch  IJntcrdriickJing  d(;r  Oxy- 
dationcn  ino}i;lic;h  is( .  Wonn  nun  sok^lio  narkotischo  Giftc  das 
l)cfruclitote  Ki  cbcnfalls  toton  und  wonn  cs  gclingt,  diese  Gift- 
wirkung  cbcnfalls  durch  SauerstofTniangcl  und  KCN  zu  hemmcn, 
so  ist  essicher,  daB  die  schiitzendc  Wirkung  des  SauerstofTmangels 
niclit  lediglicli  dor  Hcmmung  der  Zellteilung  zuzuschreiben  ist. 

Die  Wirkung  folgcnder  Narkotica  wurde  untersucht:  Chloral- 
hydrat,  Phenylurcthan,  Alkoliol  und  Chloroform.  Zunaclist 
M'urdo  die  Dosis  festgestellt,  die  notig  ist,  um  die  Kern-  und 
Zellteilung  zu  untcrdriicken,  und  dann  der  Zeitpunkt  ermittelt, 
boi  dem  diese  Losungen  das  Ei  so  weit  schiidigcn,  daB  es 
sich  nach  der  Obertragung  in  Seewasser  niclit  mehr  zu  ent- 
wiokeln  vermag.  Gleichzeitig  wurden  Versuche  mit  denselben 
Eiern  und  denselben  Losungen  bei  Sauers  toff  mangel  oder  Cyan- 
natriumzusatz  angestellt.  Es  stellte  sich  heraus,  daB  die  Hcm- 
mung der  Oxydationen  im  Ei  auch  die  Giftwirkung  der  Nar- 
kotica hemmt ;  obgleich  in  der  Losung  dieser  Narkotica  auch 
bei  Gegenwart  von  Sauerstoff  ebensowenig  eine  Furchung  statt- 
fand  wie  bei  der  Abwesenheit  von  Sauerstoff. 

Aus  einer  groBen  Zahl  von  Versuchen  will  ich  nur  einige 
Beispiele  auswahlen.  10  com  einer  l^/gigen  Losung  von  Chloral- 
hydra  t  (die  durch  Zusatz  von  NaCl  isotonisch  geraacht  war) 
wurden  zu  je  50  ccm  Seewasser  zugefiigt.  Eine  der  Losungen 
blieb  in  Beriihrung  mit  Luft,  eine  zw^eite  blieb  ebenfalls  in 
Beriihrung  mit  Luft,  erhielt  aber  5  Tropfen  einer  ^/^o^/oigen 
Losung  von  NaCN;  die  dritte  Losung  wurde  mit  dem  Wasser- 
stoffapparat  verbunden  und  von  Luft  befreit. 

Nach  6  V2  Stunden  wurde  je  eine  Partie  aus  den  3  Losungen 
in  normales  Seewasser  iibertragen.  Die  Eier,  die  in  der  sauer- 
stofffreien  und  in  der  cyannatriumhaltigen  Losung  gewesen 
waren,  entwickelten  sich  alle  zuschwimmendenLarven;  die  anderen 
dagegen,  die  in  Beriihrung  mit  Sauerstoff  gewesen  waren,  gingen 
zum  groBen  Teil  nach  der  Ubertragung  zugrunde,  und  nur 
wenige  Eier  entwickelten  sich  zu  normalcn  Larven.  Als  diese 
Eier  aus  der  Chloralhydratlosung  genommen  wurden,  sahen  sie 
vollig  normal  aus;  nach  der  Obertragung  in  Seewasser  begann 
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abt-r  ill  vieleii  ein  cytolytischer  l*rozeB,  iiisbesondere  am  Kande, 
der  sie  vollig  zerstorte  oder  zum  mindesten  scliadigte.  Ich  er- 
wahne  diesen  Umstand,  vveil  er  zeigt,  daB  es  bei  Versuchen 
dieser  Art  notig  ist,  das  Verhalteii  der  Kulturen  nach  der 
Ubertragung  in  Seewasser  zum  MaBstab  des  Resultates  zu 
machen,  und  nicht  das  Verhalten  der  Kulturen  in  der  ab- 
normen  Losung.  Ich  habe  iibrigens  schon  friiher  auf  diese 
Notvvendigkeit  hingewiesen. 

Um  nun  zu  diesem  Versuch  zuriickzukehren,  so  sei  er- 
wahnt,  daB  nach  21  Stunden  auch  die  in  der  sauerstoffhaltigen 
Losung  gebhebenen  Eier  cytolysiert  waren,  und  sich  natiirhch 
nach  der  Ubertragung  in  normales  Seewasser  nicht  mehr  zu 
furchen  vermochten;  wahrend  etwa  80 7o  ^er  Eier,  die  um 
diese  Zeit  aus  der  cyannatriumhaltigen  und  der  sauerstofffreien 
Losung  in  normales  Seewasser  ubertragen  wurden,  sich  noch 
zu  schwimmenden  Blastulen  entwickelten. 

Drei  w^eitere  Versuche  mit  Chloralhydrat  fielen  nocli 
schlagender  aus  als  der  vorhin  erwahnte,  brauchen  aber  im 
einzelnen  hier  nicht  gesehildert  zu  werden. 

Die  Versuche  mit  Phenylurethan  wurden  in  Seewasser  an- 
gestellt,  das  0,2  g  dieser  Substanz  im  Liter  enthielt.  (Es  war 
schwierig,  so  viel  in  Losung  zu  bringen.)  Frisch  befruchtete 
Eier  von  Arbacia  wurden  in  folgende  Losungen  verteilt:  erstens 
die  erwahnte  Phenylurethanlosung  (a),  zweitens  50  ccm  derselben 
Losung  +  5  Tropfen  Vio7oiger  NaCN  (b),  drittens  die  von  Sauer- 
stoff  befreiten  Phenylurethanlosungen  (c). 

Nach  4  v.,  Stunden  wurde  eine  Portion  von  Eiern  aus  jeder 
dieser  3  Losungen  in  normales  Seewasser  iibertragcn.  Die  aus 
Losung  a  iibertragenen  Eier  zerfielen  praktisch  alle,  die  aus 
Losung  b  und  c  entwickelten  sich  praktisch  alle  zu  schwim- 
menden Larven.  Nach  7  V2  Stunden  wurde  wieder  je  eine  Portion 
in  normales  Seewasser  ubertragen.  Von  den  in  Losung  a  ge- 
wesenen  Eiern  entwickelte  sich  keines,  wahrend  die  aus  den 
beiden  anderen  Losungen  um  diese  Zeit  in  Seewasser  iiber- 
tragenen Eier  sich  alle  zu  schwimmenden  Larven  entwickelten. 

Bei  den  Versuchen  mit  Alkohol  und  Chloroform  wurde 
auf  die  Versuchsreihe  mit  Sauerstoff mangel  verzichtet,  da  ja 
durch  den  Wasserstoffstrom  auch  die  Verdunstung  von  Alkohol 
resp.  Chloroform    beschleunigt    worden    ware.      Es    wurde    also 
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THir  del*  Vcr^lcicli  dcr  VViilainf];  dicsor  StofT(;  mil  iiihI  ohne 
('yaiinatriiim   aii^cstcllt. 

K'ww.  "7,  iH-Jj()Hun<!;  von  Alkohol  in  S(3(;vvasser  wurdc^  Ikt- 
gcstolll.  l)i\v  oHinotisclK;  Driick  d(,'r  Salzc  in  dici.scr  LoHiing  war 
also  praktiscli  unvorandert,  was  aicli  audi  darin  zcigte,  daB 
wedcr  Schwellung  noch  Schrumpfung  dcr  Kier  (Mntrat.  Dio 
Eicr  wurdcii  immittclbar  nach  der  Befruchtung  in  die  })(id(n 
Alkohol-Secwasser-Losungcn  mit  und  ohne  NaCN  gebracht. 
Die  nach  9  Stundcn  ans  dcr  Losung  (die  kcin  Cyannatrium 
cnthiclt)  in  Seewasser  gebrachtcn  Eier  waren  niclit  imstande, 
sich  zu  cntwickeln;  die  aus  dcr  cyannatriumhaltigcn  l^osung 
nach  9  Stundcn  in  Seewasser  gebrachten  Eier  dagegen  ent- 
wickelten  sich  allc  zu  schwimmenden  Larven.  Die  Unter- 
driickung  der  Oxydationsvorgange  im  Ei  schiitzte  es  also  gegen 
die  zerstorende  Wirkung  des  Alkohols. 

Fiir  die  Chloroformversuche  wurde  1  ccm  Cliloroform  in 
1500  ccm  Seewasser  gelost.  Eier,  die  nach  der  Befruchtung  in 
diese  Losung  gebracht  wurden,  waren  nicht  mehr  imstande 
sich  zu  Larven  zu  entwickeln,  wenn  sie  2  Stunden  spater  in 
normales  Seewasser  zuriickgebracht  wurden.  Wurden  aber  zu 
50  ccm  der  Losung  5  Tropfen  ^I^Q^lQiger  NaCN  zugesetzt,  so  ent- 
wickelten  sich  etwa  50 ^/^  der  Eier  noch,  wenn  sie  nach  4  Std. 
in  normales  Seewasser  iibertragen  wurden.  Warburg  hat  dar- 
auf  hingewiesen,  daB  die  Narkotica  (Phenylurethan)  ihre  spe- 
zifische  Wirkung  nicht  dadurch  ausiiben,  daB  sie  die  Oxydationen 
herunterdriicken.^)  Es  folgt  aus  den  hier  mitgeteilten  Versuchen, 
daB  die  schadigenden  Wirkungen  der  Narkotica  in  diesen  Ver- 
suchen nicht  auf  einer  Verminderung  der  Oxydationen  beruhen 
konnen,  da  ja  die  Sauerstoffentziehung  gerade  diese  schadigen- 
den Wirkungen  aufhebt. 

6.  Was  bedingt  die  relative  Unempfindlichkeit  des 
unbefruchteten  Eies  gegen  die  in  dieser  Abhandlung 
erwahnten  schadlichen  Agenzien?  Ich  habe  seit  einer 
Reihe  von  Jahren  darauf  hingewiesen,  daB  die  Befruchtung 
resp.  Membranbildung  die  Empfindhchkeit  des  Eies  gegen  die 
Giftwirkung  vieler  Stoffe  erhebUch  erhoht,  und  daran  die  Frage 
gekniipft,  ob  vielleicht  die  Durchgangigkeit  des  Eies  gegen  diese 
Stoffe  infolge  der  Membranbildung  erhoht  sei.    Ich  wies  darauf 

1)  Warburg,  Zeitschr.  f.  physiol.  Chem.  60,  308,  1010. 
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hin ,  daO  die  huliere  Empliiidlichl^eit  des  befruchteten  Eies 
aut"  die  grolJere  chemisclie  ^iLigLuiL  des  letzteren  zu  be- 
ziehen  sei.^) 

Nach  den  Messungen  voii  Warburg  steigert  die  Be- 
fruchtung  den  Sauerstoti'verbrauch  des  Eies  auf  das  (ifache; 
Versuche,  die  Westeneys  und  ich  bei  Arbacia  aungefiihrt 
haben,  ergaben  eine  Steigerung  auf  das  3  bis  4fache,  W'ir 
tinden  ferner,  daB  der  Zusatz  von  5  Tropfen  ^/j^'Yo^g^^'  NaCX 
zu  50  ccm  Seewasser  die  Furchung  des  befruchteten  Eies  unter- 
driickt  und  den  SauerstollVerbraueh  um  etvva  30  bis  50 "/^  er- 
niedrigt.  Da  nun  diese  geringe  Hemmung  der  Oxydationen 
schon  die  Giftwirkungen  der  hier  besproehenen  Stotte  erheblich 
hemmt,  so  ist  es  ohne  vveiteres  verstandlich ,  daB  das  un- 
befruchtete  Ei  viel  weniger  enipfindlich  gegen  diese  schiidlichen 
Agenzien  ist  als  das  befruchtete. 

Das  entscheidet  aber  noch  nicht  die  Frage,  ob  der  ganze 
Unterschied  in  der  Empfindlichkeit  des  befruchteten  und 
unbefruchteten  Eies  gegen  diese  schiidUchen  Mittel  durch  den 
Unterschied  in  der  Oxydationstiitigkeit  erklart  werden  kann. 
Ich  babe  noch  nicht  genug  Versuche  angestellt,  um  die  Frage 
entscheiden  zu  konnen.  Die  bisher  von  mir  angestellten  Ver- 
suche scheinen  dafiir  zu  sprechen,  daB  das  unbefruchtete  Ei  im 
allgemeinen  etwas  widerstandsfahiger  ist,  als  das  befruchtete 
Ei  ohne  Sauerstoff.  Das  konnte  zvvei  Ursachen  haben :  erstens 
konnte  das  befruchtete  Ei  fiir  die  betr.  Stoffe  durchgangiger 
sein  als  das  unbefruchtete  Ei,  und  zvveitens  konnten  fiir  die 
Giftigkeit  nicht  bloB  die  Oxydationen,  sondern  auch  die 
Hydrolysen  im  Ei  in  Betracht  kommen.  Die  erstere  Moglich- 
keit  ist  nicht  von  der  Hand  zu  weisen.  Das  Ei  von  Arbacia 
hat  ein  rotes  Pigment;  bringt  man  befruchtete  und  unbefruchtete 
Eier  von  Arbacia  in  eine  alkahsclie  Losung,  z.  B.  in  50  ccm 
°^/2-NaCl  +  1  ccm  "V.-BaClg  +  0,2  ccm  "/i^-NaHO,  so  verlieren 
die  befruchteten  Eier  ihr  Pigment  fast  sofort,  wahrend  die 
unbefruchteten  es  lange  behalten.  Die  Farbung  der  Losung, 
in  dem  die  befruchteten  Eier  sich  belinden,  zeigt  an,  daB  das 
Pigment  in  die  umgebende  Losung  dilfundiert  ist.  Hier  liegt 
anscheinend  ein  Bevveis  dafiir  vor,  daB  das  befruchtete  Ei 
durchgangiger  fiir  Alkali  (Ba(HO).,)  ist   als    das  unbefruchtete. 

1)  Diese  Zeitschr.  2,  84,  190G. 
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Es  ist  vii'llricht  von  liitcrcssc  zu  erwahnen,  das  in  See- 
wasscr,  das  mil  Alkohol  hypotonisch  goiiiaclit  war  (22,5  ccm 
^/,  in-Athylalkohol  J  27^/0  <;cni  Socwassc.'r)  die.  uiilx'fruchtclcn 
Kier  uiij^cfiihr  ebenso  lan<»;('  am  Lcbcn  blcibcn  wic;  dio  be- 
fruchti'leii  Kior,  deren  Oxydationeii  (lurch  Cyannatrium  verringert 
waroii.      Ich   boabsic^ht ig(^  auf  dic.so  Frago  zuruckzukommen. 

7.  Find  ct  die  11  etn  iiiun^  d  cr  (  h  i  t  \v  i  ik  u  11  ^f  d  u  i<-  li  H  cm  - 
mung  derOxydationennur  bcimSeeigelei  statt?  Icli  liabo 
noch  nicht  die  Zcit  gchabt,  diese  Frage  eingehendcr  zu  untersuchcn. 
Ich  glaube  abcr  bcliaupten  zu  diirfcn,  daB  es  gelingt,  durch 
NaCN  die  Giftwirkung  abnormer  Salzldsungen  auf  Hydroid- 
polypen  —  Pennaria  war  benutzt  worden  —  zu  hemmen. 
Salzlosungen,  welche  die  Kegenerationsfahigkeit  der  Polypcn  in 
einer  bestimmten  Zeit  erlieblicli  verringerten  oder  aufliobon, 
blieben  wirkungslos,  wenn  man  eine  Spur  Cyannatrium  zur 
Losung  zusetzte. 

Dagegen  blieben  Versuche,  die  Giftwirkung  von  Salz- 
losungen auf  schwimmende  Medusen  durch  Cyankalium  aufzu- 
heben,  bis  jetzt  erfolglos;  vielleicht  dcshalb,  weil  diese  Organismen 
den  Sauerstoffmangel  nicht  lange  genug  ertragen  konncn.  Es 
ist  namlicli  nur  dann  moglich,  bei  Organismen  oder  Organen 
die  Giftwirkung  schadhcher  Stoffe  durch  Sauerstoffmangel  zu 
hemmen,  wenn  diese  Organismen  den  Sauerstoffmangel  gut 
vertragen.  Aus  diesem  Grunde  sind  derartige  Versuche  an 
Wirbeltieren  voUig  ausgeschlossen,  da  ja  hier  der  Sauerstoff- 
mangel viel  rascher  zu  irreversiblen  Zustandsanderungen  in  der 
Medulla  oblongata  fiihrt,  als  das  durch  die  hier  erwahnten 
Gifte  geschieht.  Selbst  wenn  es  sich  herausstellen  soUte  — 
wofiir  einstweilen  nichts  spricht  — ,  daB  Gifte  in  alien  Zellen 
nur  im  Zusammenhang  mit  Oxydationsprozessen  wirksam  sind, 
so  wiirde  sich  der  Nachweis  fiir  ein  solches  Verhalten  nur  bei 
solchen  Organismen  oder  Organen  fiihren  lassen,  die  Sauerstoff- 
mangel relativ  lange  ertragen  konnen. 

Zusammenfassung'  der  Resultato. 

1.  Die  hier  mitgeteilten  Versuche  zeigen,  daB  die  Gift- 
wirkung vieler  Agenzien  auf  das  befruchtete  Seeigelei  (Arbacia) 
durch  Unterdriickung  der  Oxydationen  im  Ei  gehemmt  werden 
kann. 
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Diese  Agenzien  sind,  nach  den  bisherigen  Versuchen, 
1.  neutrale  Salzlosungen,  2.  Zuckerlosungen,  3.  hypertonische 
uiid  hypotonische  Losiingen,  4.  Narkotica  (Chloialliydrat,  IMie- 
uylurethan,  Cliloroform,  Alkohol);  und  walirscheinlich  viele 
andere,  deren  VVirkung  noch  nicht  untersucht  worden  ist. 

2.  Da  die  Unterdriickung  der  Oxydationen  im  Ei  die  Ent- 
vvic'klung  des  letzteren  hemint,  so  koiinte  man  daran  denken, 
daB  die  lebensrettende  Wirkung  des  Sauerstoffniangels  in  diesern 
Falle  auf  die  Hemmung  der  Furchungsvorgange  zu  beziehen 
sei.  Diese  Annahme  wird  aber  daduich  widerlegt,  daB  die 
Hemmung  der  Oxydationen  im  Ei  audi  im  Falle  solcher  Gifte 
giinstig  wirkt,  die,  wie  beispielsweise  Chloralhydrat,  selbst  die 
Furchung  des  Eies  hemmen. 


.^w*^ry7 
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Alls  dcm  Kss'l.  histitul  fiir  cxpcr.  'riicra|)ic  in  Frankfiiit  a.  M. 
(Direktor:  (ich.  ObLTirictliziiialrat  Prof.  Dr.  P.  H  h  r  1  i  c  li). 

Ueber  die  Wirkung  des  Dioxydiamidoarsenobenzols  auf 
die  experimentelle  Vakzineinfektion  des  Kaninchens.'j 

\'on  Dr.  Lewis  Hart  Marks'). 
Mitglied  des  Instituts. 

I. 

Die  aiis;j:ezeicliriete  Wiri\ung  von  Khrlichs  Dioxydianiido- 
arscnobenzol  auf  die  Spirochaten  der  Syphilis,  des  Rekurrens, 
dcr  Huhnerspirillose  iind  der  Frambosie,  sowie  auf  bestimmte 
Pornicn  \'on  Malaria  (bes.  Tertiana)  liat  uns  veranlasst,  dieses 
Mittel  auch  bei  der  Vakzine  zu  erprobcn.  Von  chemo-therapeuti- 
schen  Arbeiten  auf  diesem  Qebiete  sind  bisher  nur  wenige  zu 
erwahnen.  U  h  1  e  n  h  u  t  h  ')  erprobte  das  Atoxyl  bei  Kanin- 
chen  und  Kalbern,  ohne  zu  positiven  Resuitaten  zu  ge!an,icen. 
Friedberger  und  Y  a  m  a  ni  o  t  o '')  benutzten  Neutralrot- 
salbe  und  konnten  die  Hautreaktion  auch  mit  einer  schwach 
konzentrierten  Salbe  unter  dem  Einfhjss  des  Sonnenlichtes  ver- 
hindern,  wahrend  es  ihnen  nicht  gelang,  die  Hornhautinfektion 
mit  stiirkerer  Salbenkonzentration  zu  verineiden. 

Wir  wahlten  Kaninchen  als  Versuchstiere  und  zwar 
Albinos,  und  haben,  wie  es  in  Bestatigung  der  ausgezeichneten 
Arbeiten  von  C  a  1  m  e  1 1  e  und  G  u  e  r  i  n  ^)  nicht  anders  zu  er- 
warten  war,  gefunden,  dass  diese  Tiere  sich  zu  dem  vor- 
liegenden  Zwecke  vorziigUch  eignen. 

Ich  giaubte  jedoch  von  einem  Einreiben  der  Vakzine  auf 
der  Ruckenhaut  ohne  Skarifikation  absehen  zu  sollen,  und 
zwar  besonders  deshalb  well  bei  der  mangelhaften  Vaskulari- 
sation  der  in  Betracht  kommenden  oberflachHchen  Hautpartien 
die  fiir  den  Heiieffekt  erforderhche  innige  Beruhrung  des 
Mittels  mit  den  Krankheitserregern  nicht  erwartet  werdeii 
konnte.  Um  dem  letzteren  Postulat  nach  MogHchkeit  zu  ent- 
sprechen,  wurde  daher  die  Lymphe  intravenos  eingefiihrt,  ein 
Verfahren,  das  bereits  von  C  a  1  m  e  1 1  e  und  Q  u  e  r  i  n  geiibt 

*)  Diese  Arbeit  wurde  aui  nruiid  eiiier  „Felio\vsliip''  des  Rockefeller 
Institute   for   medical    Research,   NewYork   City,    ausgefiihrt. 
')  Berl.  klin.  Wochen.«^chr.  1907,  S.  349. 
^)  Fbenda,  1909.  S.  1399. 
')  Ann.  Inst.  Pasteur  1901.  S.   161. 


wurde.  hbonso  wiirde  das  Arsenobcnzol  intraveiios  injizicrt. 
Ziir  Beiirtcilim;^  der  bei  der  intravt'iioseri  Injcktioii  der  L.\'inphe 
cintreteiideii  Reaktion  wiirdc  ciii  Tcil  der  Riickcnhaiit  fol- 
Kendermassen   enthaart. 

T  e  c  h  11  i  k: 

Ein  Kaninchen  wurde  auf  ein  Tierbrett  gespannt.  Das 
liaar  wurde  in  einer  Ausdehnuns  von  etwa  der  Mitte  des 
Riickens  bis  liber  die  Schulterblatter  erst  init  einer  i(roben  und 
dann  mit  einer  feinen  Haarmaschine  geschnitten  in  einer  Breite 
\'on  ca.  8  cm.  Diese  Fliiche  wurde  dann  niit  einer  diinnen 
Paste  von  B  r  ii  n  i  n  k  s  Enthaarun^cspulver  beschiniert.  Nach 
2  bis  3  Minutcn  wird  die  Paste  mit  einer  Moizpattel  entfernt 
und  der  jetzt  entblosste  Riicken  sut  ab^ewaschen  und  ge- 
trocknet.  I^ie  L\-mplie  wurde  zuerst  im  Morser  ailein  und 
dann  mit  eini^en  Kubikzentimeter  plusioloKischer  Koclhsalz- 
losung  verrieben  und  in  die  Vene  des  rechten  Ohres  des 
Kaninchens  ein^espritzt.  VAu  Tier,  das  in  dieser  Weise  mit 
Lymplie  allcin  t^eimpft  wird,  zeii^t  in  den  ersten  48  Stunden 
keine  Veranderuns^en.  Am  3.  TaRe  zei^en  sich  an  verschle- 
denen  Stellen  der  enthaarten  Haut  RotunRen,  die  manchmal 
von  Schwellunicen  und  HebunjAen  der  Haut  be^leitet  sind.  Der 
Prozess  sclireitet  weiter  und  am  4.  Tage  kann  man  oft  schon 
Papeln  sehen.  Am  5.  Tage  ist  diese  Reaktion  viel  deutiicher 
und  manchmal  ist  der  u:anze  Riicken  mit  Papeln  bedeckt. 
Pusteln  haben  wir  nie  i^eselien.  Die  Reaktion  .u:eht  dann  all- 
mahlicli  zuriick,  mit  Verblassung  und  kleinen  Schorfbildungeu. 
(lewohnlich  ist  am  10.  bis  12.  Tage  die  Reaktion  ganz  beendet. 
Die  Stellen  liber  und  zwischen  den  Schulterblattern  sind  am 
empfindlichsten.  Mit  einer  schwachen  Lymplie  kommt  es 
manchmal  erst  am  3.  bis  5.  Tage  nur  zu  kleinen  runden 
Rotungen,  die  als  wenig  kleiner  als  Erbsen  imponieren,  manch- 
mal mit  und  manchmal  ohne  Hebungen  der  Haut.  Diese  ver- 
blassen  und  verschwinden  bald.  Die  Reaktion  ist  hier  am 
7.  bis  8.  Tage  beendet. 

Zuerst  habe  ich  versucht,  die  minimal  wirksame  Vakzine- 
dosis  zu  eruieren,  aber  bald  zeigte  sich  zu  unserem  grossen 
Erstaunen  eine  Verschiedenheit  der  kiiuflichen  Lymphprit- 
parate.  Wir  liessen  uns  deshalb  Lymphe  von  verschiedenen 
Lymphanstalten  direkt  kommen  und  haben  gefunden,  dass 
diese  Verschiedenheit  auch  hier  bcsteht.  Wir  haben  dann  aus- 
probiert,  mit  verschiedenen  Lymphen  eine  Dosis  zu  finden,  die 
in  jedem  Kaninchen  und  mit  jeder  Lymphe  eine  Reaktion  her- 
vorzurufen  imstande  ware,  und  diese  Dosis  entspricht  dem 
dreifachen  Multiplum  von  den  gewohnlich  im  Handel  befind- 
lichen  Impfdosen,  die  wir  dann  eine  Portion  nannten.  Trotz 
dieser  sorgfiiltigen  Ausprobierung  haben  wir  leider  doch 
Lymphe  in  die  Hiinde  bekommen,  die  auch  in  dieser  Dosierung 


kciiic  Rciiktion  licrvorrici  mid  tkiraii  sclicitcrlcii  drci  Vcr- 
siichsreilicii. 

Die  LcKsuiiK  dcs  Arsciiobciizols  wurdc  eiitwcdcr  kiirz  nacli 
der  Iiiipfiin.v,'  odcr  nni  naclistcirrak'c  in  die  linkeOIirveiie  iniiziert. 

Die  Ivesiiltate,  die  wir  erzielt  liabeii,  zei^ceii  die  folKenden 
Tabeileii: 

'I\i  b  c  I  I  c  I.     Iiidavciiose  Eiiiffihniiiii:  dcr  Rrossteii  'vertraKliciicii  Dosis 
von  f)()6,  sofort  iiach  InipfiuiK. 


Taj^c  nacli 

Kontrollen 

Inipiiiiii,^ 

1 

2 

A 

A          1             R 

sofort 

11,1  proKik) 

U,l  pro  Kilo 

0  I  pro  Kilo 

1 

' 

keiiie  Reaktion 

-> 

do. 

do. 

o 

wenij]^  Rotungj 

4 

^ 

r- 

- 

Reaktion  deutlich 

5 
b 

7 
S 

0^ 

o 
-t-> 

do.                   do. 

do.                   do. 

do.                   do. 

Verblassung 

9 

o 

0) 

O 

do. 

do. 

10 

"S 

'5 

'S 

Schorfbildg. 

do. 

11 

^ 

-ti 

.:*: 

do. 

geheilt 

\2 

geheilt 

13 

14 

liier  ergibt  sich,  dass  0,1  pro  Kilo  Tier  (die  grosste  ver- 
tragliche  Dosis)  bei  gleichzeitiger  Injektion  iinstande  ist,  die 
Reaktion  vollstandig  zu  verhindern. 


T  a  b  e  11  e   2.  Intravenose   Einfiihrung   von   kleineren    Dosen    von    606, 

sofort  nach  Impfung. 


Tage 

Kontrollen 

6 

Impf. 

A                  B 

sofort 

},08p.K.  ( 

),08p.K.  ( 

),08p.K. 

0,05pr.Ko. 

0,05pr.Ko. 

0,(;6pr.  Ko. 

1 

keineReak. 

kein  Reak. 

keineReak. 

keineReak. 

keineReak. 

2 

do. 

do. 

do. 

do. 

do. 

3 

do 

wenitjRot. 

Rotung 

do. 

Rotung 

4 

c 

c 

c 

Rdtung 

Rotung 

Reaktion 
deutlich 

5 
6 

7 

o 

rS 

<u 

1  Reaktion 
j   deutlich 

Reaktion 
deutlich 

Reaktion 
deutlich 

do. 
Reaktion 

8 

d: 

'  ci: 

{  ^ 

Verblassg. 

(  deutlich 

Ver- 

9 

<v 

o 

<u 

alles     ver- 

Verblassg. 

Verblassg. 

10 

S 

'S 

'S 

(schwund. 

do. 

vven.z.seh. 

Verblassg. 

blassung 

11 

.:£ 

^ 

verschwd. 

verschwd. 

do. 

12 

bcin.versch 

verschwd 

13 

alles     ver- 

14 

[schwund. 

Tabelle  2  zeigt,  dass  0,08  pro  Kilo  Tier  imstande  ist, 
die  Reaktion  zu  verhindern,  wenn  es  gleichzeitig  mit  der 
L\'iTiphe  injiziert  wird;  0,05  ist  bereits  zu  wenig  und  die  Tiere 
reagieren  hier  beinahe  genau  so,  wie  die  Kontrollen. 


Tube  lie  3.     Intravenose  tiniiihrung  dcr  grosstcn  vertraglichen  iJosis 
von  606,  24  Stunden  nach  Impfung. 


Tage  nach 

1 

2 

3 

Kontrollen 

Irnpuiiig 

A 

B 

1 
2 
3 
4 

0,1  pro  Kilo 
keine  Reak. 

do.* 
Reak.  deutl. 

0,1  pro  Kilo 
keine  Reak 

Rotung 
Reak.  deutl. 

0,1  pro  Kilo 
keine  Reak. 

Rotung 
Reak.  deutl 

keine  Reak. 

Rotung 
Reak. deutl. 

keine  Reak. 

Rotung 
Reak. deutl. 

Tabelle  3  zeigt,  dass  0,1  (die  grosste  vertragliche  Dosis), 
wenn  die  Injektion  erst  24  Stunden  nach  der  Impfung  erfolgt, 
nicht  mehr  irnstandc  ist,  die  Reaktion  zii  verhindcrn. 

Wir  liaben  audi  versucht,  ob  606,  wenn  mehrinals  ge- 
spritzt,  die  R  u  c  k  e  n  impfungen  unterdriicken  kann,  aber  die 
folgende  Tabelle  zeigt,  dass  trotz  zweimaiiger  Wiederholung 
die  liautreaktion  doch  eintritt,  was  durchaus  der  anfangs  ge- 
iiusserteu  Vermutung  entspricht. 


Tabelle  4. 


Mehrmalige   Einspritzung  von  606,  niit  Irnpfung  durch 
Hauteinreibung. 


Tage  nach 

1 

2 

3 

Kontrollen 

Inipfung 

A                 B 

sofort 
1 
2 
3 
4 

0,1  pro  Kilo 

kein.  R.  0,04 

do. 
niehrereP. 

0,1  pro  Kilo 

k.Reak.0,04 

do. 
m.  Papeln 

0,1  pro  Kilo 

kein.  R.  0,04 

do. 
mehr.  Pap. 

keine  Reak. 

do. 

Rotung 

mehr.  Pap. 

keine  Reak. 

do. 

do. 
mehr.  Pap. 

Ausser  606  haben  wir  gleichzeitig  die  folgenden  Sub- 
stanzen  gegeniiber  der  Vakzineiufektion  mit  voUstiindig  nega- 
tivem  Resultate  untersucht:  Methylenblau,  Trypanblau, 
Trypanrot,  Arsenophenylenglyzin,  Trypoflavin  A  und  Trypa- 
rosan  intrastomachal. 

Jedenfalls  ergibt  sich  aus  den  geschilderten  positiven  Er- 
gebnissen,  dass  die  Vakzineerreger  zu  denjenigen  Parasiten 
gehoren,  welche  in  den  Bereich  des  dem  Dioxydiamidoarseno- 
benzol  eigenen  wirksarnen  Zerstreuungskegel  fallen.  Ftir  die 
Verwendbarkeit  in  der  humanen  Variolatherapie  sprechen  be- 
reits  die  ermunternden  Resultate  H  a  11  e  r  s,  der  fiber  eine 
ausgezeichnete  Wirkung  des  Arsenobenzols  in  zwei  nach  den 
ausgedehnten  Erfahrungen  des  Autors  sonst  immer  todlich  ver- 
laufenden  Fallen  von  Variola  bei  Kindern  berichten  konnte  ^), 
und  es  diirfte  daher  vielleicht  nicht  aussichtslos  erscheinen, 
das  Mittel  auch  bei  den  anderen  exanthematischen  Infektions- 
krankheiten  zu  erproben. 


^)  Nach  einer  miindlichen  Mitteilung  an  Herrn  Geheinirat  E  h  r  - 
lich.  (cf.  hiezu:  Deutsche  niedizinische  Wochensclirift  1910, 
No.  41,  S.  1896.) 

d 


DIlNUMNVji    L.IOI       MUU    L       13^/ 


iiii'^'i^'r:^'^F::f^. 


R 

111 
R7 
V.  Ltd 


Rockefeller  Institu-ce,   New  York 
Studies;  reprints 


Biological 
&   Medical 
Serials 


PLEASE  DO  NOT  REMOVE 
CARDS  OR  SLIPS  FROM  THIS  POCKET 


n 


'■mm 


m:v 


